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From September 2011 to March 2013, the City of Lafayette, IN implemented Lafayette 
Improvement Program. The goal of this project was to “increase energy efficiency of existing homes 
through retrofitting, thereby lowering the costs of home ownership within the Vinton and Glen Acres 
Neighborhood Target Area (The City of Lafayette, 2011).” Energy audit companies carried out before 
blower door test and after blower door test to identify air tightness of subjects. This paper finds out there 
was an improvement in air tightness in the population of 85 houses and the degree of improvement was 
between 16.85% and 17.85%.   
Change point analysis is used to assess the effectiveness of other energy retrofit measures. Change 
point analysis utilizes CUSUM (cumulative sum of error) technique and bootstrapping technique to 
identify threshold of energy consumption amount, and therefore validates the efficiency of energy 
retrofit measures. Vectren Natural Gas provided natural gas consumption results of 85 houses, and Duke 
Energy was unable to release electricity consumption amount. The research uses MATLAB® software 
to calculate CUSUM and confidence level of each subject. After quantitative analysis, the research 




CHAPTER 1 INTRODUCTION 
Background 
In 2011, the City of Indianapolis initiated Indianapolis Better Buildings Neighborhood 
Program. The whole program consisted of three parts: Near Eastside Neighborhood Sweeps 
Program, EcoHouse Project, and LEIP (Lafayette Energy Improvement Program). In September 
2011, the City of Indianapolis sponsored the City of Lafayette, IN a grant to perform Lafayette 
Energy Improvement Program (LEIP). The goal of LEIP was to “increase energy efficiency of 
existing homes through retrofitting, thereby lowering the costs of home ownership within the 
Vinton and Glen Acres Neighborhood Target Area (The City of Lafayette, 2011).” The program 
focused on the neighborhoods of Glen Acres and Vinton. To qualify for a grant totaling $9,000, 
candidate home must own and use the home as their principle residence, also must meet the 
following income level criteria (Table 1). 
 
The City of Lafayette chose 85 homes in the neighborhoods of Glen Acres and Vinton. The 
City of Lafayette had two independent energy auditing companies assess energy efficiency 
performance of each home and identify areas which needed to be upgraded from the standpoint of 
energy efficiency in the grant budget. The City of Lafayette coordinated a contractor to implement 
the measures identified by the energy auditing company. These improvements included air sealing, 
building envelope insulation, new furnace or air conditioner, hot water heater, “low flow” shower 
head, and window replacement. Specific measures for each house varied according to condition of 
the individual house. Afterwards, the energy auditing companies reassessed the energy efficiency 
performance of each house.  
Table 1 LEIP (Lafayette Energy Improvement Program) income level criteria 
Family 
Size 
1 2 3 4 5 6 7 8+ 
Maximum 
Income 




EIA (U.S. Energy Information Administration) collected data of energy consumption in the 
last sixty years in the US. The data indicates energy consumption in the US has risen during (Figure 
1). EIA divided the consumption of total energy of 2012 into four major sectors and summarized 
the percentage of each sectors: transportation (28%), industrial processes (32%), commercial 
buildings (including institutional and governmental buildings) (19%), and residential buildings 
(21%) (Figure 2). Since 40% of US energy consumption is invested in the operation of buildings, 
large savings in energy use and greenhouse gas emissions can be realized through implementing 
building efficiency measures (Wierzba, Morgenstern, Meyer, Ruggles, & Himmelreich, 2011). 
Application of new technology is able to reduce energy use of new building significantly. However, 
it is not practical to demolish existing inefficient buildings and build up efficient new buildings in 
a short period. Therefore, upgrade energy performance of existing buildings is a practical way to 
save energy use.  
Recent technological advances offer promising retrofit solutions to increase the energy 
efficiency of buildings. Improving the thermal property of a building’s envelope (roof, external 
wall, window, door, and floor), using more efficient electrical equipment, improving HVAC system, 
and optimizing operation management could reduce energy consumption effectively. Once all 
techno-economic parameters have been identified, economically optimal choices can be 
determined by comparing the investment expenditures with expected cost savings from energy 
conservation using standard methods from engineering economics. The ultimate goal of LEIP was 
to alleviate the energy consumption be air sealing measures and other retrofit programs. 
 









































































Figure 2 End-use sector shares of total energy consumption, 2012 (Trillion Btu) 
 
Purposes 
This paper presents quantitative approaches to evaluating the effectiveness of air sealing 
measures, mainly, and other retrofit measures in Lafayette Energy Improvement Program. An 
energy audit company measured air tightness of building envelop by before blower door test and 
after blower door test; researcher analyzes utility bills before and after the retrofit program. The 
first goal of this paper is to determine whether there was an improvement in the air tightness 
between the before and after blower door test. The second goal is to determine the extent of 
improvement in the air tightness after the energy retrofit program. The third goal is to identify 
whether change point occurred in energy consumption amount after the energy retrofit program. 
The last goal is to locate when the change point occurred. 
 
Research questions 
1) Could air sealing measures conducted by Lafayette Energy Improvement Program successfully 
increase the air tightness of panelized residential building envelope in Lafayette IN area?  
2) To what extent did the air sealing measures improve the air tightness?  
3) Did change point in energy consumption occur after the retrofit program? 
















Researcher was not able to participate or observe blower door tests and other retrofit measures. 
Assumptions are items that researcher is not able to verify or monitor due to time and other 
constraints. 
 Airflow data obtained from the blower door tests on each home is accurate representation of 
air tightness of that home. 
 Blower door test equipment has been calibrated accurately and worked consistently in different 
homes. Also blower door tests were conducted by professional building energy auditors. 
 When calculating ACH@50 (Air Change per Hour), differences in building area are negligible 
because airflow data is normalized by volume of conditioned space. 
 All retrofit measures were well performed according to energy audit reports and met 
professional standards. 
 Homeowners were obligated to retrofit measures and did not modify any measures without 
consent of energy audit company. 
 Homes targeted for the retrofit program were panelized homes built by the company National 
Homes. 
 Base temperature of degree-days calculation is 65℉. 
 Calculation of sample size and summation of energy retrofit measures were based on the data 
package obtained from the Economic Development Department, Lafayette, Indiana; Blower 
door test result data was obtained from Energy Diagnostic Inc.; natural gas consumption data 
was attained form Vectren Natural Gas. 
 
Limitations 
The purpose of limitations is to identify items which confine reliability and validity of this research. 
 The sample is not a randomized sample. 
 Extent and magnitude to which retrofit measures were performed varied. 
 Heat and cooling requirement is not linear with temperature. 
 The houses are all located in Vinton and Glen Acres neighborhoods in Lafayette, IN. 
 This study is limited to single family, panelized residential structures.  
 Electricity consumption data from Duke Energy were not accessible due to the legality of data 
information transfers. Energy consumption for cooling is not studied in this research. 
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 Insulation measures and mechanical equipment upgrade have indirect impact on air tightness.  
 
Delimitations  
The purpose of delimitations is to narrow the scope and define the boundaries of the study. 
 The effect that HVAC ductwork may have placed on envelope air tightness is not considered. 
HVAC duct sealing measures may affect envelope airflow data. If the ductwork is contained 
in conditioned space, the effect may be negligible; if ductwork bridges between conditioned 
and unconditioned space, duct sealing work will affect airflow data. However, because 
information location of HVAC duct is not available and the extent of duct sealing measures is 
unknown, the possible effect that ductwork has placed on airflow data is not considered.  
 The effect that attic insulation, furnace and air conditioner replacement and vent exhaust might 
have on airflow data is not studied. LEIP (Lafayette Energy Improvement Program) includes 
the following measures: thermostats, attic insulation, furnace replacement, air conditioner 
replacement, water heater replacement, water faucet replacement and vent exhaust. These 
measures do not directly relate to or affect the airflow results. However, attic insulation, 
furnace and air conditioner replacement and vent exhaust are able to affect the airflow results 
indirectly. Due to limits of time, labor and instrument, this study does not analyze the effect 
that they have on airflow data.  
 Natural gas amount consumed by oven is neglected. Furnace and certain types of water heater 
and oven consume natural gas. LEIP (Lafayette Energy Improvement Program) replaced 
existing furnaces, heating ducts and water heaters if necessary. However, oven upgrade was 
not included in this program. Natural gas amount consumed by oven is unable to pin down in 








Definitions of key terms 
Air barrier system 








The practice of filling gaps, holes, or cracks in a building’s envelope in an effort to tighten the 
home's pressure boundary (ASHRAE Standard 62-2001, 2001).  
 
Air tightness 
Generic term for resistance to inward and outward airflow that a building envelope provides 
(ASHRAE Standard 62-2001, 2001). 
 
ASHARE 
American Society of Heating, Refrigerating and Air Conditioning Engineers, an international 
technical society focused on building systems, energy efficiency, indoor air quality, refrigeration 
and sustainability within the industry. 
 
ASTM 
American Society for Testing and Materials (ASTM), a standards development organization in the 
development and delivery of international voluntary consensus standards.  
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Blower door test 
A test of using a calibrated fan to measure air leakage rate of a house. (Northwest & Ridge, 2010). 
 
Building envelope 
Elements of the building that form the boundary between the indoor environment of a building and 
the external environment in which it is located. The building envelope consists of the roof, exterior 
walls and floor of a structure. These elements form a barrier that separates the interior of the 
building from the outdoor environment.  
 
Change point analysis 




The difference in temperature between the outdoor mean temperature over a 24-hour period and a 
given base temperature (ASHRAE Standard 90.1-2004). 
 
Energy retrofit 
Any work to a building over and above maintenance to change its capacity, function or performance 
of energy consumption.  
 
ENERGY STAR ® 
A U.S. Environmental Protection Agency (EPA) voluntary program that helps businesses and 





Air leakage outward through cracks and interstices and through ceilings, floors, and walls of a space 
or building (ASHRAE Standard 62-2001, 2001).  
 
Infiltration  
Air leakage inward through cracks and interstices and through ceilings, floors, and walls of a space 
or building (ASHRAE Standard 62-2001, 2001).  
International Energy Conservation Code (IECC) 
A building code created by the International Code Council in 2000 addressing cost savings, reduced 
energy usage, conservation of natural resources and the impact of energy usage on the environment. 
 
MATLAB® 
MATLAB® is a language and interactive environment for numerical computation, visualization, 
and programming. MATLAB® has a wide range of applications, including advanced computation, 
algorithms development, model building, signal processing and communications, image and video 
processing, control systems, test and measurement, computational finance, and computational 
biology.  
 
Mechanical ventilation  
Ventilation provided by mechanically powered equipment, such as motor-driven fans and blowers, 
but not by devices such as wind-driven turbine ventilators and mechanically operated windows 
(ASHRAE Standard 62-2001, 2001). 
 
Natural ventilation 
Ventilation provided by thermal, wind, or diffusion effects through doors, windows, or other 




Passive House is a set of design principles and a quantifiable performance standard for energy 
efficiency in a building, producing radically less energy needs, unparalleled comfort and supreme 
air quality.  
SEDS 
The State Energy Data System (SEDS), the source of the U.S. Energy Information Administration’s 
(EIA) comprehensive state energy statistics. The goal in maintaining SEDS is to create historical 
time series of energy production, consumption, prices, and expenditures that are defined as 
consistently as possible over time and across sectors for analysis and forecasting purposes (U.S. 
Energy Information Administration. 2013). 
 
Chapter summary 
This chapter starts with the introduction of LEIP (Lafayette Energy Improvement Program). 
LEIP was initiated by U.S. Department of Energy and the City of Indianapolis. This government 
sponsored program aimed at improving residential house energy use efficiency through energy 
retrofit measures. Eight five houses in the neighborhoods of Glen Acres and Vinton participated in 
this program. A general description of building energy consumption in US follows the background 
introduction. Energy consumption of residential building, commercial building, and transportation 
use keeps rising for decades. Energy use of residential house occupied 21% of total energy use in 
2012. Building energy efficient new houses and improving energy use performance of existing 
houses helps to alleviate escalation of energy use. The purpose of this paper is to present 
quantitative approaches to evaluate effectiveness of air sealing measures and other retrofit measures 
in LEIP (Lafayette Energy Improvement Program), and also to identify when the improvement 
happened. Limitations part locates items that confine reliability and validity of this research, and 
delimitations part narrows down the scope of the study. 
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CHAPTER 2 LITERATURE REVIEW 
This chapter outlines research status in the field of energy retrofit program and provides 
context and background details associated with this paper. It also uses the evidence from scholarly 
reviews and field data to support the methodology of this paper. Several key topics are identified 
as being relevant to this research. These topics include: residential building energy consumption 
trend, air leakage, air barrier system, blower door test, tracer gas test, energy retrofit measures and 
change point analysis. 
 
Residential building energy consumption trend 
In order to understand the relevance of this study, an analysis of residential house energy 
consumption trend is necessary. The U.S. Department of Energy published “Buildings Energy Data 
Book”. According to this book, the average area of new single-family house and multi-family house 
from 1980 to 2010 kept increasing. (Remark: Data for multi-family house average area of 1982, 
1983, 1984, 1987 are not available in the book) (Figure 3). 
 

























As new house size grows, so does total residential energy consumption, with new end uses 
driving much of the growth. Air conditioners, dishwashers, computers, televisions, and small 
appliances are increasingly prevalent in American homes. The U.S. Department of Energy 
summarized the proportion of Residential Energy End-Use (Figure 4). The summary indicated a 
large portion of the energy used in a home goes towards conditioning the space, which is often 
more affected by the size of the house than the number of occupants. Heating, cooling, and lighting 
are still the largest energy end-uses in a home, despite increased energy efficiency of this equipment. 
Among these energy end use, energy performance of space heating and space heating are 
compromised by house air leakage.  
 
 
Figure 4 Residential energy end-use splits by fuel type, 2010 (Quadrillion Btu) 
 
At the same time of energy use increase, the energy efficiency trend becomes observable in 
the market place. Designers, developers, owners, government agents and institution search for ways 
to minimize the operating costs and environmental impacts of buildings, while also increasing their 
functionality and appeal to occupants. Delivered energy consumption data published by EIA (U.S. 






































Figure 5 Delivered energy consumption per household (Million Btu/ Per Household) 
 
Air leakage 
The U.S. Department of Energy defines air leakage as the unintentional or accidental 
introduction of outside air into a building, and inside air into outside, typically through cracks in 
the building envelope and through use of doors for passage (U.S. Department of Energy, 2012). 
Whenever there is infiltration, there is corresponding exfiltration elsewhere in the building. Air 
leakage is a combination effects caused by pressure differences and continuous flow path or 
opening. 
The U.S. Department of Energy published “Building Energy Code Resource Guide: Air 
Leakage Guide” to address air leakage problem in residential houses. The guidebook explained 
three primary mechanisms which generate the pressure differences required for air flow within and 
through buildings: wind, stack effect and mechanical ventilation systems. Wind creates a positive 
pressure on the windward face and negative pressure on the non-windward (leeward) facing walls, 
which pulls the air out of the building. Wind causes infiltration on one side of a building and 
exfiltration on the other. Wind effects can vary by surrounding terrain, shrubs, and trees (U.S. 
Department of Energy, 2012).  
Stack effect is the movement of air into and out of buildings, chimneys, flue gas stacks, or 





























































a building and when cooler air moves downward. Stack effect happens in summer and winter, but 
is most pronounced in the winter because indoor-outdoor temperature differences are the greatest. 
Warm air rises because it’s lighter than cold air. When indoor air is warmer than the outdoor air, it 
escapes out of the upper levels of the building, through open windows, ventilation openings, or 
penetrations and cracks in the building envelope. The rising warm air reduces the pressure in the 
base of the building, forcing cold air to infiltrate through open doors, windows, or other openings. 
The stack effect basically causes air infiltration on the lower portion of a building and exfiltration 
on the upper part (U.S. Department of Energy, 2012).  
Mechanical equipment such as fans and blowers causes the movement of air within buildings 
and through enclosures, which can generate pressure differences. If more air is exhausted from a 
building than is supplied, a net negative pressure is generated within the building, and this can 
induce unwanted airflow through the building envelope (U.S. Department of Energy, 2012).  
John Straube also explained building air pressure mechanism induced by air leakage. If air is 
forced through the ducts that leave the building enclosure or pass outside the primary air barrier 
system, any leaks in the ductwork will result in a net exhaust of air, and hence a net negative inward 
pressures on the building enclosure. The reverse can happen if leaky ducts outside the air barrier 
are under a net suction pressure. Bathroom exhaust fans, clothes dryers, built-in vacuum cleaners, 
dust collection systems, and range hoods all exhaust air from a building. This creates a negative 
pressure inside the building. If the enclosure is airtight or the exhaust flow rate high, large negative 
pressures can be generated (Straube, 2008).  
A guide book published by the Louisiana Department of Natural Resources in 2009 explained 
the air flow path. Air flow infiltrates and exfiltrates through small gaps and cracks, both of which 
typically occur wherever one part of a home joins another. The joints that hold the home together 
are impacted by contractors as well as settling that occurs naturally in a structure. During the 
construction process, plumbers, electricians and HVAC contractors have to drill holes and create 
space to complete their job - running electrical wires, installing ductwork, running water lines, etc. 
These holes are a part of the process, but they need to be sealed upon completion as hundreds of 
leakage points are created. In addition, when a home settles, the wood starts to shrink and materials 
expand and contract at different rates. Differential movements also create gaps that need to be 
sealed (Angelle, French & Ridgeway, 2009).  
Air leakage has negative impacts on building energy consumption. Air leaking out of a 
building must be replaced with outdoor air, which requires energy to condition it. John Straube 
claimed that approximately 30% to 50% of space conditioning energy consumption in many well-
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insulated buildings is due to air leakage through the building enclosure (Straube, 2008). The air 
leaving the home is usually "conditioned" air. That means air that was just heated or cooled to 
provide the right level of comfort in the home. Running the heating or air conditioning systems 
uses energy which costs money.  
Air leakage has been shown to represent the single largest source of heat loss and gain through 
the building envelopes of nearly all types of buildings. Tests carried out by the National Research 
Council of Canada on high-rise commercial and residential buildings, schools, supermarkets and 
houses have shown levels of 30 to 50 percent of heat loss could be attributed to air leakage (Knutson, 
2008).  
Air leakage harms moisture control. Air leakage that allows damp air to come in contact with 
cool surfaces (Antretter & Holm, 2007). Water vapor in the air can be deposited within the envelope 
by condensation and cause serious health, durability, and performance problems.  
Drafts of excessively cold and dry wintertime air that results from excessive air leakage 
directly affect human comfort. John Straube explained the negative impact caused by air leakage. 
The wind-cooled portions of the interior of the enclosure promote condensation which supports 
biological growth, which, in turn, affects indoor air quality. Airborne sound transmission control 
requires good airflow control, and odors and gases from outside and adjoining buildings often 
annoy or cause health problems (Straube, 2008). 
 
Air sealing measures 
Air sealing measures reduce air leakage. Air sealing measures are the practice of filling gaps, 
holes, or cracks in a building’s air barrier system in an effort to tighten the home's pressure boundary. 
The U.S. Department of Energy suggested utilizing caulk, spray foam, backer rod, gaskets, house 
wrap, sheet goods, sheet metal, polyethylene plastic, weather stripping, mastic and UL181 or foil-
faced tape to seal the gap in building envelope. International Energy Conservation Code 2009 
suggested the following locations be caulked, gasketed, weather stripped or otherwise sealed with 
an air barrier material, suitable film, or solid material:  
 all joints, seams and penetrations 
 site-built windows, doors, and skylights 
 openings between window and door assemblies and their respective jambs and framing 
 utility penetrations 
 dropped ceilings or chases adjacent to the thermal envelope 
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 knee walls 
 walls and ceilings separating a garage from conditioned spaces 
 behind tubs and showers on exterior walls 
 common walls between dwelling units 
 attic access openings 
 rim joists junction 
 
Blower door test 
Blower door test is used to identify air tightness of a house. Infrared camera which captures 
images of temperature differences is used to locate envelope system air leakage path, gaps in 
insulation and overheating circuits. From a quantitative measurement standpoint, air tightness of 
envelope system means measuring the flow through the building envelope as a function of the 
pressure across the building envelope. Sherman and Chan explained relationship between air flow 
and pressure often fits a power law. The power law relationship has the form Q = C*(Pn), where Q 
is the air leakage rate, m3/s; C is the leakage coefficient, m3/(s*Pa); P is the pressure difference, Pa; 
n is the leakage exponent, dimensionless. The pressure exponent is normally found to be in the 
vicinity of 0.65 but has the limiting values of 0.5 and 1 from simple physical considerations (Chan 
& Sherman, 2004).  
Based on the principle mentioned above, blower door method and tracer gas method are used 
to measure scale of envelope system air leakage. The blower door test, which is relatively 
inexpensive and simple, is therefore more widely used. Tracer gas method is more accurate, but 
requires well-trained experts and has a higher measurement cost. As for the fan pressurization 
approach, the blower door test method is commonly used in residential or small buildings. 
A powerful fan attaches and seals to a door (typically the entrance door to the home) and blows 
air into or out of the house to pressurize or depressurize the home. The inside-outside pressure 
differential will cause air to force its way through any cracks in the building envelope. Measuring 
the flow rate at the specified test pressure indicates the leakiness of the envelope (U.S. Department 
of Energy, 2012). During the test, exterior doors are closed, dampers are closed but not otherwise 
sealed, exterior openings for continuous ventilation systems and heat recovery ventilators are 
closed but not sealed, HVAC systems are turned off, and duct supply and return registers are not 
covered or sealed. 
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CFM@50 (cubic feet per minute) is used to measure building airtightness. It indicates the 
needed amount of airflow the fan generates to maintain a 50 Pa inside-outside pressure difference. 
In this study the air flow at 50 Pa was used. It is the most common pressure to measure the air flow. 
It is low enough to be generated by standard blower door equipment in most residential buildings; 
also it is high enough that the dependency on weather influences is little (Antretter & Holm, 2007).  
 
To compare different houses, normalization is necessary. Sherman pointed out there are three 
quantities commonly used to normalize the air leakage: building volume, envelope area, and floor 
area (Chan & Sherman, 2004). Among these three methods, building volume is most useful. When 
building volume is used to normalize such data the result is normally expressed in air changes per 
hour at the reference pressure, ACH.  
ACH@50 (air changes per hour) is probably the most common air tightness metric reported 
(Chan & Sherman, 2004). ACH@50 Pa estimates how many times in one hour the entire volume 
of air inside the building is exchanged with outside air at a pressure reading of 50 Pa. The Energy 
Conservatory provided a simple model to normalize CFM50 to ACH50: ACH@50 Pa = 
((CFM@50 Pa)*60)/Building Volume. The Louisiana Department of Natural Resources listed 
different ACH@50 value ranges of house in different scenarios.  
 
Table 2 Typical infiltration rates (in ACH air changes per hour) 
Description ACH@50  
New home with special air tight construction and well controlled ventilation 0.5-2.5 
New home with air barrier 3.0-5.0 
New home without air barrier 7.0-15.0 
Existing home without air barrier 10.0-25.0 
Old leaky home 20.0-50.0 
 
Tracer gas test 
Tracer gas test is performed in order to evaluate the infiltration rate for single zone and multi-
zone buildings (ASTM Designation: E741 – 00, 2006). This test method uses the measurement of 
tracer gas dilution to determine air change within a building or other enclosure that is characterized 
as a single zone. The measurement of the concentration, and sometimes the volume rate of the 
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tracer gas that is injected into the zone, allows calculation of the volume rate of outgoing air from 
the zone. From this, one can infer the volume rate of incoming air (ASTM Designation: E741 – 00, 
2006). The sample Lafayette energy retrofit project is a panelized single zone building, so the tracer 
gas test for a multi-zone building is not discussed in this paper. 
Sherman discussed selection of the appropriate tracer gas. He advocated that an ideal tracer 
gas needs to have the following properties: safety, non-reactivity, insensibility, uniqueness, and 
measurability (Sherman, 1990). No tracer gas meets all these requirements. Considering the cost 
of the tracer and necessary instrumentation, researchers have compared tracer gases to find those 
that most closely approach the ideal and are most economical. Common tracer gases include carbon 
dioxide, nitrous oxide, Freon, helium, and sulfur hexafluoride. 
Sherman explained the mathematical model of the tracer gas method. He illustrated that all 
tracer gas methods rely on the solution of the continuity equation to infer the amount of ventilation 
from measurements of the concentrations and injected tracer flow rate. The common definition of 
air change rate, λ (t), is used: λ (t) = Q (t)/V, where Q (t) is the air supply into a room, m3/h; V is 
the room's volume, m3, and t is time, h. He also pointed out the limit of this model. Because 
measurement problems include mixing issues, the determination of an instantaneous ventilation 
value is practically impossible. Therefore it becomes necessary to use time-series data to reduce 
the uncertainties in order to make the analysis possible (Sherman, 1990). He provided the following 
solution techniques: regression, integral, averaging, steady-state, and transient.  
ASTM Designation E741 (2000) outlined three tracer-gas test methods: concentration decay 
(tracer decay), constant injection, and constant concentration. Besides these three techniques, 
Sherman explained another method, the pulse technique. According to Sherman, the most widely 
used type of tracer measurement is tracer decay (Sherman, 1990). ASTM standard E741 (2000) 
explicated the procedure of concentration decay. A small volume of tracer gas is uniformly injected 
into the zone, and then tracer gas concentration is measured at known times. Average air change 
rate change for that period as the difference between the logarithms of the initial and final tracer 
gas concentrations is calculated. The constant injection technique injects tracer gas uniformly into 
the zone at a known, constant rate, ensures a uniform concentration, and then measures tracer gas 
concentration at known times. The third technique, constant concentration, measures tracer gas 
concentration and then injects enough tracer gas into the zone to maintain a desired uniform 
concentration. The air change flow for each measurement interval is calculated from the ratio of 
the required additional tracer gas to the desired concentration. The last technique is also useful for 
making measurements in both a single zone and a multiple zone system. The technique injects a 
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volume-weighted pulse of tracer gas into the supply air for the zone, and then makes a measurement 
at a point some distance away from the injection point.  
Sherman discussed the choice of method and analyzed errors of different techniques. He 
claimed that the decision of the choice depends on the practical details of the experiment as well as 
the reason for measuring the air change in the first place. The decay and pulse methods require the 
least time and, usually, the least preparation. All give biased estimates of the average air change 
rate, with the exception of the two-point method. However, the biases can be negligible as long as 
the measurement period is limited to times on the order of the air change time. Although the two-
point method is unbiased, it may yield unacceptably large uncertainties in the air change rate, unless 
the precision in the measurement of those two concentrations is quite high. The pulse technique 
may yield a biased estimate of the average infiltration. Because of the much longer measurement 
period, the bias may not be negligible (Sherman, 1990).  
The constant concentration technique can be accurate and precise, but it requires the most 
equipment as well as sophisticated control systems and real-time data acquisition. The constant 
injecting technique can be regarded as a simpler version of the constant concentration technique, 
in that no active control of the injection rate is needed (Sherman, 1990).  
 
Envelope, HVAC and lighting retrofit programs 
Besides air barrier system retrofit, this project upgraded envelope insulation, HAVC, electrical 
system according to energy consumption status of individual home. Alissa Cooperman, John 
Dieckmann, and James Brodrick outlined residential house envelope retrofit technique in ASHRAE 
Journal, June 2011. According to U.S. Census data, roughly 60% of the homes in the U.S. were 
built before 1980. The majority of these homes can be expected to have insulation of at best R-11, 
and at the worst, no insulation at all (ASHRAE standard 62-2001, 2001). As to windows, a study 
conducted in 2006 found that windows in residential homes account for 24% of the heating and 
cooling loads.  
Residential house envelope retrofit programs are grouped into five areas: roofs or attics, above 
grade walls, windows and doors, below grade walls, and foundation floor slab. Canada Mortgage 
and Housing Corporation listed five key envelope retrofit measure. Homeowner may choose some 
or all of the options: 
 Attic and roof assemblies 
Top up existing attic insulation; flash and fill attic insulation; roof with exterior insulation 
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 Above grade wall assemblies 
Use double stud; use larsen truss; add exterior extruded polystyrene (XPS) insulation, or 
exterior mineral wool insulation; add interior insulation 
 Below-grade wall assemblies 
Add interior slab XPS insulation or interior wall XPS insulation; add exterior wall XPS or SPF 
insulation 
 Windows and doors 
Use thermally efficient frames, panels, glazing and weather stripping; replace windows with 
ENERGY STAR ® windows. 
According to Figure 4, a building’s HVAC systems are responsible for up to 40 percent of the 
total energy consumed, and their proper design and operation are essential for energy efficiency. 
HVAC systems can be retrofitted to improve reliability and to help reduce energy consumption.  
The Louisiana Department of Natural Resources determined four keys to obtaining the design 
efficiency of a system: 
 Sizing and selecting the system for the heating, cooling, and dehumidification load of the home 
being built.  
Oversized equipment costs higher initial investment and operation fee, wastes energy and may 
decrease comfort. The Louisiana Department of Natural Resources suggested contractor to use 
protocol developed by the American Society of Heating, Refrigeration, and Air Conditioning 
Engineers (ASHRAE) or software procedures developed by electrical or gas utilities, the U.S. 
Department of Energy, HVAC equipment manufacturers, or private software companies.  
 Proper installation and charging of the HVAC unit 
To ensure proper installation, the Louisiana Department of Natural Resources recommended 
HVAC contractor to size the system properly, use manufacturer’s suggested procedures to weigh in 
refrigerant charge, and make sure certain supply air has a pathway back to the return. 
 Correct design of the ductwork or piping 
The size and layout of the ductwork affects the efficiency of the heating and cooling system 
and comfort levels in the home. Good duct design moves the right amount of air to each space with 
little sound. 
 Insulating and sealing all ductwork or piping 
The Louisiana Department of Natural Resources suggested contractor to use nontoxic duct 
sealing mastic with fiberglass mesh tape, aluminum tape with a UL-181 A or B rating, and high 
quality caulking or foam sealant (Angelle, French & Ridgeway, 2009). 
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The ENERGY STAR ® program provided comprehensive explanations of HVAC system 
retrofit measures. These measures cover improvements of air distribution system, central cooling 
system, central heating system, unitary system, air-side economizer, energy recovery system, 
desiccant dehumidification system, night precooling system, cool storage system and evaporative 
cooling system (U.S. Environment Protection Agency, 2008).  
The Pacific Northwest Laboratory estimated that the total potential cost effective energy 
savings could amount to over 52% of the current annual lighting electricity consumption (Shankle, 
Dirks, Elliott, Richman & Grover, 1993). Using efficient light source is the most common measure. 
The Pacific Northwest Laboratory claimed fluorescent lighting fixtures could be cost-effectively 
retrofitted to reduce their annual electricity use by 47%, electricity used by incandescent fixtures 
could be reduced by 55%, and the electricity used by exit signs could be reduced by over 90% 
through the installation of a light-emitting diode (LED) and self-luminescent (tritium gas) signs 
(Shankle, Dirks, Elliott, Richman & Grover, 1993). ENERGY STAR ® promoted automatic 
lighting control system. Automatic controls can minimize the energy load. ENERGY STAR ® 
categorized automatic controls that switch or dim lighting into three types: time occupancy, 
lighting-level strategies, or a combination of both. ENERGY STAR ® also pointed out situations 
where lighting may be on longer than needed, left on in unoccupied areas, or used when sufficient 
daylight exists. Installing automatic controls should be considered as a supplement or replacement 
for manual controls. 
 
Degree-days 
Degree-days is a summation of the differences between the outdoor temperature and base 
temperature over a specified time period. Heating degree-days is a summation of negative 
differences between the outdoor temperature and base temperature; cooling degree-days is a 
summation of positive differences between the outdoor temperature and base temperature. It is a 
tool that can be used in the assessment and analysis of weather related energy consumption in 
buildings.  
Degree-days originated in assessment of crop growing conditions. Lieutenant-General Sir 
Richard Strachey introduced degree-days method as a means of identifying the length of the 
growing season. And now this method is widely used in building energy consumption analysis. 
Tony Day concluded two main uses for degree-days in buildings:  
 for estimating energy consumption and carbon dioxide emissions due to space heating and 
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 cooling for new build and retrofit measures 
 for on-going energy monitoring and analysis of existing buildings based on historical data 
(Day, 2006). 
Patrick A. Kearns and Moncef Krart explained the calculation of degree-days. 




Where HDD is heating degree days, Tb is balance point (usually 65℉), To is daily average 
temperature, n is the number of days in that month (Kearns & Krarti, 2011). 
 
CUSUM model (cumulative sum of error)  
Change point analysis uses sequential analysis to detect whether a change has occurred in a 
system. This technique characterizes the changes detected by providing confidence levels and 
therefore is able to validate the effectiveness of energy retrofit measures (Taylor, 2012). Change 
point analysis uses a combination of CUSUM model (cumulative sum of error) and bootstrapping 
to detect the change. 
CUSUM represents the difference between the base line (expected or standard consumption) 
and the actual consumption points over the base line period of time. This useful technique not only 
provides a trend line, it also calculates savings/losses to date and shows when the performance 
changes. Bootstrapping allows one to gather many alternative versions of a single statistic that 
would ordinarily be calculated from one sample. Bootstrapping analysis can determine a confidence 
level for the apparent change. Dr. Travis Horton from Department of Civil Engineering, Purdue 
University explained the sequence of change point method in the use of building energy 
consumption audit in the course of “Building Energy Audit” (Horton, 2013). 
 Determine the expected value of monthly energy consumption, y 
 Set the cumulative sum at time zero equal to zero 
S0 = 0 
 Calculate the remaining cumulative sums sequentially by adding the difference between the 
actual value,Xi, and the expected value,Yi, to the previous sum 
S1 = S0 + (X1-Y1) 
S2 = S1 + (X2-Y2) 
… 
Sn=Sn-1 + (Xn-Yn) 
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 Plot CUSUM plot  
 Bootstrap the errors  
 Add the error to the expected values  
 Find correlation between bootstrapped energy and Heat Degree Days/Cooling Degree Days  
 Bootstrapped CUCUM chart.  










CHAPTER 3 METHODOLOGY 
This chapter explains the methodology that is used to analyze before and after air infiltration 
rate data in respect to blower door test and before and after natural gas consumption data obtained 
from utility bills. Matched pairs t procedures is used to processed before and after blower door test 
data to find out if there is a significant improvement in air leakage circumstance; change point 
analysis is employed to identify if there is a change point of natural gas consumption amount after 
overall energy retrofit program. Hypothesis, CUSUM, bootstrapping and descriptive statistical 
technique are adopted. 
 
Hypothesis 
The first hypothesis determines whether there is an improvement in blower door test results. 
The sample mean of ACH@50 Pa improvement degree is 23.85%. In order to locate the extent of 
the ACH@50 Pa improvement of population, a range of improvement percentage, 15.85%-23.85%, 
is tested. The last hypothesis is to find out the frequency of occurrence of change point in population.  
 
H1o: There is no improvement in blower door test results. 
H1α: There is an improvement in blower door test results. 
 
H2o: The improvement in blower door test results is 23.85%. 
H2α: The improvement in blower door test results is greater than 23.85%. 
H3o: The improvement in blower door test results is 22.85%. 
H3α: The improvement in blower door test results is greater than 22.85%. 
H4o: The improvement in blower door test results is 21.85%. 
H4α: The improvement in blower door test results is greater than 21.85%. 
H5o: The improvement in blower door test results is 20.85%. 
H5α: The improvement in blower door test results is greater than 20.85%.
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H6o: The improvement in blower door test results is 19.85%. 
H6α: The improvement in blower door test results is greater than 19.85%. 
H7o: The improvement in blower door test results is 18.85%. 
H7α: The improvement in blower door test results is greater than 18.85% 
 
H8o: The improvement in blower door test results is 17.85%. 
H8α: The improvement in blower door test results is greater than 17.85%. 
H9o: The improvement in blower door test results is 16.85%. 
H9α: The improvement in blower door test results is greater than 16.85%. 
H10o: The improvement in blower door test results is 15.85%. 
H10α: The improvement in blower door test results is greater than 15.85%. 
 
H11o: 50% of houses has experienced change points in natural gas consumption.  
H11α: More than 50% of houses has experienced change points in natural gas consumption 
 
Participants 
The City of Lafayette has chosen 85 panelized houses in the Lafayette, IN built by the company 
National Homes, so the population size of this research is 85. The whole project was divided into 
three rounds in accordance with the sequence of retrofit program construction. Round 1 consisted 
of 37 participants; round 2 had 32 participant; and round 3 included 16 participants. Because blower 
test data is not related to chorological sequence, three rounds of blower door test data are combined 
into one sample with sample size of 32. Analysis of natural gas consumption data is based on time 
order, so three rounds are separated. Sample size of round 1 natural gas usage data is 34; sample 
size of round 2 natural gas usage data is 29; round 3 natural gas consumption data is invalid. 








Blower door test data was obtained from Energy Diagnostics Inc., an energy auditing company 
in Valparaiso, Indiana. The auditor utilized software REM/Rate – Residential Energy Analysis and 
Rating Software to generate auditing reports. The auditor provided the single-point readings of 
ACH@50 Pa, CFM@50 Pa, and CFM@25 Pa by accessing a recorded log of all data collected for 
each participant (Adam Ryzak, 2013). Also the City of Lafayette provided energy audit reports. 
The reports contained description of house, energy retrofit measures suggested, work orders, cost 




Residential house energy consumption includes electricity and natural gas. Duke Energy 
insisted on acquirement of residences’ signatures to release electricity bills due to the legality of 
data information transfer. This research was unable to attain these signatures because of limited 
time frame. So electricity consumption data is not available. Vectren Natural Gas provided natural 
gas monthly consumption data of one year before and one year after retrofit program. LEIP 
(Lafayette Energy Improvement Program) started in September 2011, and ended in March 2013. 
Natural gas consumption data from September 2010 to July 2013 is collected (Table A1). 
 
Data Analysis 
Three rounds of blower door test data are combined into one sample with sample size of 32 
and processed by matched pair t-test method to test first 10 hypotheses. Matched pair t-tests with 
an alpha level of α = 0.05 are performed to reject or fail to reject the stated hypotheses. Descriptive 
statistical analysis is also used. 
In order to counteract variables of day number in a month and weather difference, natural gas 
consumption data will be normalized by the method of Heating Degree Days and Cooling Degree 
Days. After normalization, CUSUM (cumulative sum of error) procedure is performed on each 
individual house to determine whether change point occurred after retrofit program. The first part 
of CUSUM procedure is to draw a CUSUM plot. CUSUM plot indicates the trend of cumulative 
sum of error in chronological order. Wayne Taylor explained interpretation of CUSUM plot. A 
segment of the CUSUM plot with an upward slope indicates a period where the values tend to be 
above the overall average. Likewise a segment with a downward slope indicates a period of time 
where the values tend to be below the overall average. A sudden change in direction of the CUSUM 
curve indicates a sudden shift or change in the average. Where the CUSUM chart follows a 
relatively straight path indicates a period when the average did not change (Taylor, 2012).  
The next part of CUSUM procedure is calculation of confidence level. Confidence level 
indicates the probability that a change point has occurred. It is calculated according to the following 
formulas: Confidence	Level ൌ 	 ௑ே * 100%; 
X: number of bootstrap for which estimator is smaller than the original estimator; 
N: number of bootraps. In this research, N=1000. 
Original estimator = Max (original CUSUM value) – Min (original CUSUM value); 
Estimator = Max (bootstrapping CUSUM value) – Min (bootstrapping CUSUM value); 
Wayne Taylor requires 90%, or 95% confidence before one states that a significant change has 
been detected (Taylor, 2012). This paper chose 95% confidence level.  
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CHAPTER 4 ANALYSIS OF BLOWER DOOR TEST DATA 
Introduction 
This chapter demonstrates the statistical process of blower door test data, presents and 
discusses result of the statistical analysis. The population size of blower door test data is 85 in this 
research; and the sample size is 32. Three rounds of blower door test data are combined into one 
sample, because blower door test data result is not involved with time frame of three rounds tests, 
and also because this paper aims at evaluating effectiveness of overall air sealing measures instead 
of any single round. Names of home owners are erased due to privacy protection; numbers and 
acronyms are assigned to represent houses. Single-point data of CFM@50 Pa, ACH@50 Pa, and 
building volume are provided by the energy audit company.  
The analysis of blower door test data consists of two parts. First, blower door test data of 
before and after retrofit measures is presented and data distribution is calculated, including Five-
number Summary, IQR (Interquartile Range), and Standard Deviation. Second, ten hypothesizes 
are testified to determine if a difference occurred and the magnitude of the difference. 
Blower Door Test Data 
The data report obtained from the energy audit company, Energy Diagnostic, includes 52 
subjects. One complete data subject includes building volume, CFM@50 Pa before and after test 
result, and ACH@50 Pa before and after test result. Among 52 subjects, 22 of them are incomplete; 
therefore, need to be deleted. The final sample size of blower door test data is 32.  
CFM@50 Pa indicates the needed amount of airflow the fan generates to maintain a 50 Pa 
inside-outside pressure difference. To compare different houses, normalization is necessary. 
Building volume is used to normalize the air leakage in this project. ACH@50 Pa (air change per 
hour) estimates how many times in one hour the entire volume of air inside the building is 
exchanged with outside air at a pressure reading of 50 Pa. ACH@50 Pa = ((CFM@50 
Pa)*60)/Building Volume. This project used ACH@50 Pa only because ACH is normalized.
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Table 3 presents blower door test data sample. ID numbers from BD101 to BD113 represent 
the first round houses; ID numbers from BD201 to BD213 represent the second round houses; ID 
numbers from BD301 to BD306 represent the third round houses. Δ indicates difference between 
before after testing. Δ= After – Before. Negative Δ means air leakage rate has improved; positive Δ 
means air leakage rate has deteriorated; zero shows no improvement occurred. After calculation, 
the research found out that 28 houses show air leakage improvement; 2 houses have not experienced 
any improvement; and air leakage of 1 house has deteriorated. Δ% presents the degree of difference. 
Δ%= (After-Before)/ Before. 
 





CFM@50 Pa ACH@50 Pa 
Before After Δ Before After Δ Δ% 
BD101 14000 1380 975 -405 5.91 4.18 -1.74 -29.35% 
BD102 12752 1000 700 -300 4.71 3.29 -1.41 -30.00% 
BD103 12400 1250 950 -300 6.05 4.60 -1.45 -24.00% 
BD 104 7200 1425 1000 -425 11.88 8.33 -3.54 -29.82% 
BD 105 13662 3200 2815 -385 14.05 12.36 -1.69 -12.03% 
BD 106 10736 1185 875 -310 6.62 4.89 -1.73 -26.16% 
BD 107 8584 1020 915 -105 7.13 6.40 -0.73 -10.29% 
BD 108 9984 3500 3500 0 21.03 21.03 0.00 0.00% 
BD 109 10480 1450 850 -600 8.30 4.87 -3.44 -41.38% 
BD 110 7400 1200 632 -568 9.73 5.12 -4.61 -47.33% 
BD 111 7200 1015 930 -85 8.46 7.75 -0.71 -8.37% 
BD 112 18248 1230 1400 170 4.04 4.60 0.56 13.82% 
BD 113 10952 1210 1018 -192 6.63 5.58 -1.05 -15.87% 
BD 201 11888 6000 1811 -4189 30.28 9.14 -21.14 -69.82% 
BD 202 10112 1657 1133 -524 9.83 6.72 -3.11 -31.62% 
BD 203 9800 1530 1420 -110 9.37 8.69 -0.67 -7.19% 
BD 204 7400 1601 1036 -565 12.98 8.40 -4.58 -35.29% 
BD 205 8064 928 763 -165 6.90 5.68 -1.23 17.78% 
BD 206 11160 1750 1545 -205 9.41 8.31 -1.10 -11.71% 
BD 207 9088 1930 1600 -330 12.74 10.56 -2.18 -17.10% 
BD 208 7400 2240 1437 -803 18.16 11.65 -6.51 -35.85% 
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BD 209 9540 1850 922 -928 11.64 5.80 -5.84 -50.16% 
BD 210 12920 2100 1607 -493 9.75 7.46 -2.29 -23.48% 
BD 211 10560 2300 1780 -520 13.07 10.11 -2.95 -22.61% 
BD 212 8832 900 900 0 6.11 6.11 0.00 0.00% 
BD 213 8064 2250 1116 -1134 16.74 8.30 -8.44 -50.40% 
BD 301 8280 2189 1514 -675 15.86 10.97 -4.89 -30.84% 
BD 302 7200 1528 820 -708 12.73 6.83 -5.90 -46.34% 
BD 303 12788 863 792 -71 4.05 3.72 -0.33 -8.23% 
BD 304 12287 1520 1520 0 7.42 7.42 0.00 0.00% 
BD 305 9681 1147 1020 -127 7.11 6.32 -0.79 -11.07% 
BD 306 8584 1845 1240 -605 12.90 8.67 -4.23 -32.79% 
Sample Size: 32 
ACH@50 Pa data distribution 
CFM@50 Pa and ACH@50 Pa value are read directly from blower door test report; building 
volume value is read from energy audit report. ACH@50 Pa (air change per hour) is calculated 
according to the formula ACH@50 Pa = ((CFM@50 Pa)*60)/Building Volume. Five-number 
Summary, IQR (Interquartile Range), and Center outline statistical distribution features. Table 4 
presents ACH@50 Pa data distribution result. Q1 is the median of the lower half; Q2 is the median 
of the upper half. IQR is used to identify suspected outlier number. IQR (Interquartile Range) = Q3 
– Q1. Observation is a suspected outlier if it is greater than (Q3+1.5*IQR) or it is less than (Q1-
1.5*IQR). Boxplot visualize ACH@50 Pa data sample distribution (Figure 6). 
In before retrofit test, ACH@50 Pa value varies from 4.0443 to 30.2826 with median 14.2281. 
The average value of before test data is 10.6753 with standard deviation of 5.4989. Based on IQR 
analysis, there is one suspected outlier. In after test retrofit test, the range of ACH@50 Pa value 
shrinks to (3.2936, 21.0337). Also the average value has decreased to 7.6214 with standard 
deviation of 3.3837. The quantity of suspected outlier stays the same, one. The minimum value of 
Δ is -21.1423, which means the biggest improvement of air leakage rate of one house is 21.1423. 
The maximum value of Δ of 0.5590 suggests that air leakage condition of one house deteriorated 
instead of improving. The average ACH@50 Pa values change is -3.0539 with standard deviation 
of 3.9639. In summary, ACH@50 Pa data sample distribution analysis detects that in the sample 




Table 4 ACH@50 Pa data distribution 
    Before After Δ Δ % 
Sample Size  32 32 32 32 
Five-number 
Summary 
Min 4.0443 3.2936 -21.1423 -0.6982 
Max 30.2826 21.0337 0.5590 0.1382 
Q1 6.7668 5.3507 -4.4049 -0.3404 
Q3 12.9386 8.6806 -0.7605 -0.1068 
Median 14.2281 14.2281 0.0000 0.0000 
Center 
Mean 10.6753 7.6214 -3.0539 -0.2385 
Std.Dev 5.4989 3.3837 3.9639 0.1806 
IQR Analysis 
IQR 6.1717 3.3299 3.6444 0.2336 




Figure 6 ACH@50 Pa data box plots 
 
Before retrofit ACH@50 After retrofit ACH@50 
Difference Difference Percentage 
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This research compares ACH@50 Pa values with three codes/standards. None of the values 
has met the requirement of International Energy Conservation Code (2012) and Passive House; two 
values, 3.29 and 3.72, have met the requirement of ENERGY STAR ® (Version3). Next step is to 
identify if there is an improvement in air leakage rate in population (85 houses in Lafayette Energy 
Improvement Program). Hypothesis test will achieve this step. 
 
Table 5 ACH@50 Pa Value Benchmark  
Code/ Standard Max ACH@50 allowable 
International Energy Conservation Code (2012) 3 (Climate Zone 5) 
ENERGY STAR ® (Version3) 4 (Climate Zone 5) 
Passive House 0.6 




H1o: There is no improvement in blower door test results. 
H1α: There is an improvement in blower door test results. 
 
Table 6 Hypothesis1 test result 





95% confidence interval (-4.4830, -1.6247) 
mean of difference -3.05385 
standard deviation  3.9639 
 
Table 6 presents the parameters of statistical analysis of Hypothesis 1. 
Reject H1o  




H2o: The improvement in blower door test results is 23.85%. 
H2α: The improvement in blower door test results is greater than 23.85%. 
H3o: The improvement in blower door test results is 22.85%. 
H3α: The improvement in blower door test results is greater than 22.85%. 
H4o: The improvement in blower door test results is 21.85%. 
H4α: The improvement in blower door test results is greater than 21.85%. 
H5o: The improvement in blower door test results is 20.85%. 
H5α: The improvement in blower door test results is greater than 20.85%. 
H6o: The improvement in blower door test results is 19.85%. 
H6α: The improvement in blower door test results is greater than 19.85%. 
H7o: The improvement in blower door test results is 18.85%. 
H7α: The improvement in blower door test results is greater than 18.85%. 
H8o: The improvement in blower door test results is 17.85%. 
H8α: The improvement in blower door test results is greater than 17.85%. 
H9o: The improvement in blower door test results is 16.85%. 
H9α: The improvement in blower door test results is greater than 16.85%. 
H10o: The improvement in blower door test results is 15.85%. 
H10α: The improvement in blower door test results is greater than 15.85%. 
 
Table 7 Hypothesis 2-10 tests result  





23.85 -0.0014 31 0.9989 0.05 (17.3327,30.3586) 18.0645 Fail to reject Ho 
22.85 0.3118 31 0.7573 0.05 (17.3327,30.3586) 18.0645 Fail to reject Ho 
21.85 0.6249 31 0.5366 0.05 (17.3327,30.3586) 18.0645 Fail to reject Ho 
20.85 0.9381 31 0.3555 0.05 (17.3327,30.3586) 18.0645 Fail to reject Ho 
19.85 1.2512 31 0.2202 0.05 (17.3327,30.3586) 18.0645 Fail to reject Ho 
18.85 1.5644 31 0.1279 0.05 (17.3327,30.3585) 18.0645 Fail to reject Ho 
17.85 1.8775 31 0.0699 0.05 (17.3327,30.3584) 18.0645 Fail to reject Ho 
16.85 2.1907 31 0.0361 0.05 (17.3327,30.3583) 18.0645 Reject Ho 




Table 7 shows the result of hypothesis tests 
Conclusion: The improvement in blower door test results is between 16.85% and 17.85% in the 
population. 
 
Air sealing measures 
LEIP air sealing measures included three types: infiltration, duct and rim/band. Table 8 
presents the content of each measure. Energy audit reports obtained from the City of Lafayette 
indicated the content of each measure, and measures implemented in each participant (Table A1). 
 
Table 8 LEIP air sealing measures 
Measures Content 
Infiltration sealing Air seal all attic penetrations, areas around doors and windows. Seal 
major bypasses, box & seal around whole house 
Duct sealing Seal duct connections with mastic or UL 181 tape, all exposed and 
visible areas. 
Rim/band sealing  Air seal Rim and Band area, Install R-13 insulation 
 
To identify effectiveness of different measures, the research divides the sample into four 
scenarios based on the work orders from energy audit reports: infiltration sealing only, infiltration 
sealing plus duct sealing, infiltration sealing plus rim/band sealing, and three measures combined. 
Table 9 presents counts, percentage, and ACH@50Δ results for each category. The combined 
implement of infiltration sealing and duct sealing is the most effective; it delivered biggest 
ACH@50 value improvement. Infiltration sealing alone is the second most effective. However, 
infiltration sealing combined with rim/band sealing is not very significant. One house has exercised 
all three measures, but this treatment is the least useful.  
 
Table 9 ACH@50 Pa Δ of LEIP air sealing measures  
Measures Counts % 
(Counts/32)
Average ACH@50 Pa Δ 
((∑ACHΔ)/Counts) 
Infiltration  19 59% -2.59547 
Infiltration + duct 10 31% -4.37551 
Infiltration + rim/band  1 3% -1.73571 
Infiltration + duct + rim/band 1 3% -1.69082 
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CHAPTER 5 CHANGE POINT ANALYSIS 
Introduction 
Blower door test data analysis is utilized to identify the effectiveness of air sealing measures. 
Besides air sealing retrofit measures, other energy retrofit measures, such as building envelope 
insulation, new furnace or air conditioner, hot water heater, “low flow” shower head, and window 
replacement, were implemented to improve overall energy consumption in LEIP (Lafayette Energy 
Improvement Program). This chapter uses change point analysis to determine the overall 
effectiveness of all energy retrofit measures, including both air sealing and other measures listed 
above. 
Change point analysis is able to validate the effectiveness of energy retrofit measures. It uses 
sequential analysis to detect whether a change has occurred in a system and confidence level of the 
occurrence of the change. Change point analysis uses a combination of CUSUM model (cumulative 
sum of error) and bootstrapping to detect the change.  
Change point analysis is divided into round 1 and round 2. Only round 1 and round 2 data will 
be processed; round3 data is invalid. If the energy retrofit measures are effective, change points will 
appear in this period of LEIP round 1 and round 2. CUSUM plot and Confidence Level calculation 
combined will validate this assumption. After obtaining the proportion of change point occurrence of 
round 1 and round 2, the research tests hypothesis 11 to find out if the half of the population has 
experienced change point. 
  
Brief of natural gas consumption amount data 
Even though residential house energy consumption includes electricity and natural gas, in this 
research only natural gas consumption is accessible. Duke Energy insisted on acquirement of 
residences’ signatures to release electricity bills due to consideration of the legality of data 
information transfer. These signatures were unable to attain because of limited research time. 
Therefore, change point method in this research only processes natural gas consumption data.  
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By analyzing natural gas consumption amount, this paper is able to justify the effectiveness of 
energy retrofit measures. In climate zone 5, space heating consumes more energy than cooling. By 
reducing heating energy consumption, a significant amount of energy can be saved. LEIP 
(Lafayette Energy Improvement Program) upgraded building envelope sealing, insulation of each 
house, furnace and ducts of certain houses, and water heater of certain houses, all of which have 
direct impact on natural gas consumption amount. 
Natural gas consumption amount data of round 1 and round 2 are valid; round3 data is invalid 
because it is opposite to heating requirement in Climate Zone 5. Vectren Natural Gas provided 
natural gas consumption amount data of 79 subjects. Round 1 consisted of 34 houses; round 2 
consisted of 29 houses; and round 3 consisted of 16 houses. Figure 8 and 9 present round 1 and 
round 2 natural gas consumption changes in line with month change. The graphs indicate that 
natural gas consumption amount fluctuates in the same direction of heating requirement. In other 
words, 63 houses in round 1 and round 2 consumed more natural gas when the outside temperature 
was low; vice versa. This trend indicated round 1 data and round 2 data are valid. Figure 10 presents 
round 3 natural gas consumption change in line with season alteration. The chart shows that natural 
gas consumption amount fluctuates in the opposite direction of heating requirement. In other words, 
16 houses in round 3 consumed more natural gas when the outside temperature was high; vice versa. 
Energy audit reports don’t indicate round 3 houses are electrically heated. Diagnosis on reason 
behind this trend requires further contact with Vectren Natural Gas, Duke Energy, 16 households, 
Energy Diagnostic, and the City of Lafayette. The pattern shown in round 3 is contrary to heating 
energy consumption rule; therefore, natural gas consumption amount data of round3 will not be 














































































Change point analysis of round 1 
Calculation of change point 
34 data subjects, dated from September 2010 to July 2013, are analyzed in the following steps. 
Continuous amount of natural gas consumption, starting at least one year before LEIP and ending 
one year after LEIP, is needed. Round 1 construction started in Sep 2011 and ended in July 2012; 
Vectren Natural Gas was able to provide round 1 data starting on Sep 2010 and ending on July 
2013. This research uses MATLAB® software to analyze the data. 
 
 Step 1: calculate expected natural gas consumption value 
Monthly average temperature record is obtained from National Climatic Data Center from 
http://www.ncdc.noaa.gov/cdo-web/. Balance point temperature is set as 65 °F to calculate HDD 
(heating degree days) and CDD (cooling degree days). MATLAB® programming code of this part 
is written as follows: 
Ain=[Month, Days, Temp, Consumption]; %Ain is an array of month, days in cycle, avg temp, 
energy consumption 
B=65; %B is the balance point 
A=[Ain,Ain(:,2).*(Ain(:,3)-B)]; %adds a fifth column for degree days 
A=sortrows(A,5); %sorts by degree days 
i = find(A(:,5)>0,1); %finds index of first positive degree day 
HDD=polyfit(A(1:i-1,5),A(1:i-1,4),1); %finds HDD regression line 
CDD=polyfit(A(i:end,5),A(i:end,4),1); %finds CDD regression line 
 
 Step 2: Calculate CUSUM (cumulative sum of error), plot CUSUM chart  
If a change point happens, the CUSUM curve will first climb and then drop back to X axis. 
The threshold of the curve where curve trend changes from going up to going down indicates a 
suspected change point. MATLAB® programming code of this part is written as follows: 
Dif=A(:,4)-[polyval(HDD,A(1:i-1,5));polyval(CDD,A(i:end,5))]; %finds error between actual and 
expected energy use 
CU=sortrows([A(:,1),Dif],1); %puts together month and error and sorts by month 
for j=2:length(CU(:,2))  






 Step 3: bootstrap error for 1000 times to get 1000 different CUSUM values 
All the errors are randomly assigned to the previous expected natural gas consumption value, 
and the step1 and 2 are repeated 1000 times to get 1000 various CUSUM values. In other words, 
bootstrapping errors are simulated 1000 times. Dr. Travis Horton from Department of Civil 
Engineering, Purdue University utilized bootstrapping simulation number of 1000 in energy audit 
report written by him (Horton, 2013). MATLAB® programming code of this part is written as 
follows: 
L=length(Dif); %to speed things up 
R=randi(L,L,1); %creates a random-with-replacement vector for the length of the data 
x=1; 
while x==1 %this will sort through looking for values that have been reused too many times 
    x=0; %breaks the while loop if the search comes up empty 
    for j=1:L 
        if length(find(R==j))>.1*L %limits the replacement rate to 10% 
            R(find(R==j,1))=randi(L,1,1); %replaces the first instance of the violating value 
with a new random number 
            x=1; %keeps the while loop going 
            break %restarts the search if a value broke the replacement rate 
        end 
    end 
end 
NewDif=zeros(1,L); %preallocates memory 
for j=1:L %uses R as indices to move around the error values 
    NewDif(j)=Dif(R(j)); 
end 
NewEnergy=[polyval(HDD,A(1:i-2,5));polyval(CDD,A(i-1:end,5))]+NewDif.'; %Adds new error 
to expected value 
SortedNewEnergy=sortrows([A(:,1),NewEnergy],1); 
Aout=Ain; %creates new array with new error 
Aout(:,4)=SortedNewEnergy(:,2); 






 Step 4: Calculate Confidence Level 
Confidence Level is the probability that a change point has occurred. It is calculated according 
to the follow formulas: Confidence	Level ൌ 	 ௑ே * 100%; 
X: number of bootstrap for which estimator is smaller than the original estimator; 
N: number of bootraps. In this research N=1000; 
Original estimator = Max (original CUSUM value) – Min (original CUSUM value); 
Estimator = Max (bootstrapping CUSUM value) – Min (bootstrapping CUSUM value). 
MATLAB® programming code of this part is written as follows: 
function E=Estimator(A,B,n) 
E=zeros(1,n); %preallocates the size of a vector 
for i=1:n 
    Boot=Bootstrap(A,B); %bootstraps n times 





E=max(C(:,2))-min(C(:,2)); %finds the estimator for the original data 
N=1000; 
BootE=Estimator(A,B,n); %gets the estimators for n bootstrapped data sets 





Result of change point analysis of round 1 
CUSUM plot detects suspected change point. The plot indicates the trend of cumulated sum 
of errors; the highest peak of the curve suggests suspected occurrence of change point. Figure 11 
presents the CUSUM curves of all subjects in round 1. In the chart, most thresholds cluster between 
February 2012 and June 2012. This research has dawn 34 individual CUSUM plots in 




CUSUM plot alone cannot confirm the occurrence of change point; without the consideration 
of confidence level, change point is only speculated to happen. Table 10 summarizes suspected 
occurrence of change point. So far the research suspect that 30 houses out of 34 houses in round 1 
have experienced change point; 4 houses didn’t experience any change point. The next step is to 





















Table 10 Round 1 suspected change point occurrence 
ID Change point occurrence ID Change point occurrence 
NG101 Suspected NG118 Suspected 
NG102 Suspected  NG119 Suspected 
NG103 Suspected NG120 Suspected 
NG104 Suspected NG121 Suspected 
NG105 Suspected NG122 Suspected 
NG106 Suspected NG123 Suspected 
NG107 Suspected NG124 Fail to occur 
NG108 Suspected NG125 Suspected 
NG109 Suspected NG126 Fail to occur 
NG110 Suspected NG127 Suspected 
NG111 Suspected NG128 Suspected 
NG112 Suspected NG129 Fail to occur 
NG113 Suspected NG130 Suspected 
NG114 Suspected NG131 Suspected 
NG115 Suspected NG132 Suspected 
NG116 Fail to occur NG133 Suspected 
NG117 Suspected NG134 Suspected 
 
Table 11 presents confidence level of each subjects. Wayne Taylor concluded that 90%, or 
95% confidence is required before one states that a significant change has been detected (Taylor, 
2012). This project chooses 95% confidence level as critical value to be conservative. 
 
Table 11 Round 1 confidence level of suspected change point  
ID Change point occurrence Confidence Level (%) 
NG101 Suspected 89.8 
NG102 Suspected  96.7 
NG103 Suspected 97.7 
NG104 Suspected 55.8 
NG105 Suspected 96.1 
NG106 Suspected 96.7 




NG108 Suspected 99.9 
NG109 Suspected 99.9 
NG110 Suspected 93.2 
NG111 Suspected 98.9 
NG112 Suspected 98.7 
NG113 Suspected 85.1 
NG114 Suspected 99.4 
NG115 Suspected 98 
NG116 Fail to occur N/A 
NG117 Suspected 98.3 
NG118 Suspected 84.6 
NG119 Suspected 99.5 
NG120 Suspected 98.3 
NG121 Suspected 93.7 
NG122 Suspected 99.3 
NG123 Suspected 97.6 
NG124 Fail to occur N/A 
NG125 Suspected 98.4 
NG126 Fail to occur N/A 
NG127 Suspected 83.5 
NG128 Suspected 43.7 
NG129 Fail to occur N/A 
NG130 Suspected 98.7 
NG131 Suspected 98.2 
NG132 Suspected 79.7 
NG133 Suspected 76.1 
NG134 Suspected 96.2 
After filtering the criteria of confidence level, 20 houses out of 34 subjects in round 1 (59% of 
houses in round 1) have been confirmed to experience change points (Table 12). 17 houses exercised 
change point in March 2012; 1 house each has experienced change point in April 2012, May 2012 and 





Table12 Round 1 confirmed change point occurrence 
ID Confirmed Change point Confidence Level (%) 
NG102 Mar-12 96.7 
NG103 Mar-12 97.7 
NG105 Mar-12 96.1 
NG106 May-12 96.7 
NG107 Jun-12 98.9 
NG108 Apr-12 99.9 
NG109 Mar-12 99.9 
NG111 Mar-12 98.9 
NG112 Mar-12 98.7 
NG114 Mar-12 99.4 
NG115 Mar-12 98 
NG117 Mar-12 98.3 
NG119 Mar-12 99.5 
NG120 Mar-12 98.3 
NG122 Mar-12 99.3 
NG123 Mar-12 97.6 
NG125 Mar-12 98.4 
NG130 Mar-12 98.7 
NG131 Mar-12 98.2 
NG134 Mar-12 96.2 
 
 





















Figure 13 Occurrence time proportion of confirmed Round 1 change point 
 
Change point analysis of round 2 
The methodology of change point detection of round 2 is the same as that of round 1. After 
considering both CUSUM plot (Figure 14) and confidence level (Table 13), 9 houses out of 29 
subjects in round 2 (31% of houses in round 2) have been confirmed to experience change points 
(Table 14). All the change points happened in December 2011. The occurrence time of December 2011 





































Table 13 Round 2 suspected change point occurrence 
ID Change point occurrence Confidence level 
NG201 Fail to occur N/A 
NG202 Suspected 100 
NG203 Suspected 99 
NG204 Fail to occur N/A 
NG205 Suspected 98 
NG206 Suspected 90.5 
NG207 Suspected 99.7 
NG208 Suspected 96.8 
NG209 Suspected 89.2 
NG210 Suspected 78.3 
NG211 Suspected 87.8 
NG212 Suspected 90.9 
NG213 Suspected 0 
NG214 Suspected 93.5 
NG215 Suspected 98.7 
NG216 Suspected 81 
NG217 Fail to occur N/A 
NG218 Suspected 69.9 
NG219 Suspected 97.7 
NG220 Suspected 89.5 
NG221 Suspected 82.7 
NG222 Fail to occur N/A 
NG223 Suspected 90.3 
NG224 Suspected 86.5 
NG225 Suspected 93.2 
NG226 Suspected 96.3 
NG227 Fail to occur N/A 
NG228 Suspected 96.6 






Table 14 Round 2 confirmed change point occurrence 
ID Confirmed Change point Confidence level 
NG202 Dec-11 100 
NG203 Dec-11 99 
NG205 Dec-11 98 
NG207 Dec-11 99.7 
NG208 Dec-11 96.8 
NG215 Dec-11 98.7 
NG219 Dec-11 97.7 
NG226 Dec-11 96.3 
NG228 Dec-11 96.6 
 
For round 1 and round 2, twenty nine houses out of 63 houses have experienced change points in 
natural gas consumption amount. Namely, 46% of houses in round 1 and round 2 has have 
experienced change points.  
 
Change point hypothesis 
H11o: 50% of houses has experienced change points in natural gas consumption.  
H11α: More than 50% of houses has experienced change points in natural gas consumption. 
 
Table 15 Hypothesis 11 test result 





Fail to reject 
Conclusion: The data fails to provide evidence that 50% of houses has experienced change points 





CHAPTER 6 CONCLUSIONS 
Summary 
The first goal of this paper is to find out whether there was an improvement in the air tightness 
after air sealing measures. Based on ACH@50 Pa data sample distribution analysis and test of 
hypothesis 1, this research concludes that air tightness of LEIP houses has improved. 28 subjects 
out 32 sample size has showed ACH@50 Pa result improvement; and hypothesis 1 has confirmed 
that there was an improvement in blower door test results in the population, namely 85 houses in 
LEIP. The second goal is to determine the extent of improvement in the air tightness after the energy 
retrofit program. Tests of hypothesis 2, 3, 4, 5, 6, 7, 8, 9 and 10 have determined the extent is 
between 16.85% and 17.85% (Figure 17).  
Two things worth mentioning. Even though an improvement is confirmed after air sealing 
measures, only 2 houses out of 32 houses have met the requirement of ENERGY STAR ® 
(Version3). None of them has fulfilled the criteria of International Energy Conservation Code (2012) 
and Passive House.  
LEIP has implemented 3 types of air sealing measures, infiltration sealing, duct sealing and 
rim/band sealing. Houses with air sealing measure combination of infiltration measures and duct 
showed the most significant improvement in blower door test result. Therefore, there is evidence 







Figure 15 Blower door test data analysis summary 
 
The third goal of this research is to identify whether change point occurred in energy 
consumption amount after the energy retrofit program. Duke Energy was unable to provide 
electricity consumption data, so only Vectren Natural Gas data was analyzed. Namely, energy 
consumption for cooling is unknown in this research; energy usage for heating is calculated. Round 
3 data from Vectren is invalid, because its pattern is contrary to heating requirement. Change point 
analysis is used in this part. CUSUM plot is used to detect suspected occurrence of change point. 
In the plot, if the CUSUM curve rises to a certain point and then drops back to X axis, we suspect 
a change point happened at the threshold. Confidence level is calculated to confirm the speculation 
drawn from CUSUM plot. If the confidence level is larger than 95%, the change point is confirmed. 
For round 1, 20 houses out of 34 houses have been confirmed to experience change points; the 
result of round 2 is not as good as that of round 1, 9 houses out of 29 houses confirmed to experience 
change points.  
 
LEIP: 85 houses




Energy diagnostic, Inc. 






The last goal is to locate when the change point occurred. For round 1, 17 change points out 
of 20 happened in March 2012, which matches the schedule of LEIP round 1. For round 2, 9 houses 
experienced change points in December 2011, which lied in range of LEIP round 2. (Figure 16 and 
Figure 17). Hypothesis 11 is tested by proportion z-test. The data obtained from Vectren Natural Gas 
does not provide evidence that 50 % of the population has experienced change point in natural gas 
consumption after retrofit measures (Table 16). 
 
 




20 houses (20 change points) confirmed
17 houses: March 12 
1 house: April 12
1 house: May 12








Figure 17 Round 2 natural gas consumption data analysis summary 
 
 
Table 16 Change point occurrence frequency 
 Round 1 Roud2 Round3 Overall 
Frequency 20	݄݋ݑݏ݁ݏ
34	݄݋ݑݏ݁ݏ ൌ 59% 
9 ݄݋ݑݏ݁ݏ




The significance of this research is to provide quantitative assessment of both air sealing 
measures and overall energy retrofit measures for policy makers and energy performance 
contractors. LEIP (Lafayette Energy Improvement Program) was a part of Indianapolis Better 
Buildings Neighborhood Program. The budget of LEIP was $1 million and the program lasted one 
and a half years. The project located in Climate Zone 5, North Central area in America; all the 
subjects were one story panelized residential houses. It is a good benchmark for other energy retrofit 
projects which share similar categories. Through previous study by Adam Ryzak and this research, 
policy makers will have a deeper understanding of effectiveness of energy retrofit measures, and 
LEIP round 2: 32 houses
Sample: 29 houses
9 houses (9 change points) confirmed
9 houses: Dec 11  






will also have better management and appraisal of energy performance contractors’ work. At the 
same time, energy audit company and contractor can use this research to choose the most effective 
energy retrofit measures, and can use change point analysis to validate the effectiveness of their 
work. 
Future research 
The most important future research is change point analysis with electricity consumption data. 
To attain electricity bills from Duke Energy, households’ signatures are required according to 
previous correspondences with Duke Energy. After attaining electricity consumption data, research 
can calculate complete energy consumption amount of a house by adding up electricity 
consumption amount and natural gas consumption amount. After combing the two energy source, 
research will draw CUSUM plot of complete energy consumption amount, instead of natural gas 
consumption amount alone. Through analysis of combination of electricity and natural gas, change 
point analysis will be more valid. And therefore, we’ll have a better understanding of the whole 
project. 
The second future study can be continuation of blower door test. The population size of LEIP 
round 1, 2 and 3 is 85; in this paper 32 blower door test results are available. Future research can 
collect more blower door test data and continue the methodology of this research. Also future 
research can identify the reason why 4 houses didn’t show ACH@50 Pa data improvement, or it 
can determine the most effective measure among all the air sealing measures implemented. 
The third future study can be evaluation of other energy retrofit measures’ impact on air 
tightness. Mechanical and insulation retrofit measures have indirect impact on air tightness. To find 
out the extent of effects generated by the upgrade of insulation and mechanical appliances, 
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Table A1 LEIP energy retrofit measures list 
 
ID ACH∆ 



















BD101 -1.74 √ √     √ √   √ √   
BD102 -1.41   √ √     √ √ √ √   
BD103 -1.45 √ √       √ √ √ √ √ √ 
BD104 -3.54   √       √ √   √ √ √ 
BD105 -1.69 √       √ √ √ √ √ √ √ 
BD106 -1.73   √       √   √ √ √ √ 
BD107 -0.73   √       √     √ √ √ 
BD108 0.00   √       √     √ √ √ 
BD109 -3.44   √       √     √   
BD110 -4.61           √   √ √ √ √ 
BD111 -0.71     √     √   √ √ √ √ 
BD112 0.56           √   √ √ √ √ 
BD113 -1.05   √       √ √ √ √ √ √ 
BD201 -21.14   √       √ √ √ √ √ √ 
BD202 -3.11   √       √   √ √ √ √ 
BD203 -0.67   √       √     √ √ √ 
BD204 -4.58   √       √ √ √ √ √ √ 
BD205 -1.23 √ √           √ √ √  
BD206 -1.10   √       √ √ √ √ √ √ 
BD207 -2.18   √       √   √ √ √  
BD208 -6.51   √       √   √ √ √ √ 
BD209 -5.84   √       √   √ √ √ √ 
BD210 -2.29   √       √ √ √ √ √  
BD211 -2.95 √ √       √ √ √ √  √ 
BD212 0.00           √     √ √  
BD213 -8.44   √       √   √ √ √ √ 
BD301 -4.89   √       √     √   
BD302 -5.90   √       √   √ √   
BD303 -0.33           √     √ √ √ 
BD304 0.00   √   √   √   √ √ √ √ 
BD305 -0.79 √     √   √   √ √ √  






Table A2 Natural gas consumption amount 







19.93 34.15 18.76 20.72 19.17 12.04 28.47 17.8 25.54 
Oct-10 17.51 30.44 20.33 22.19 22.16 17.61 26.67 17.54 25.87 
Nov-10 33.2 49.18 21.04 27.4 18.22 39.88 39.69 30.22 31.88 
Dec-10 61.54 30.44 40.41 63.95 44.87 80.35 77.89 95.92 62.37 
Jan-11 88.89 103.49 63.88 99.75 71.6 107.18 105.91 138.01 88.97 
Feb-11 90.86 96.72 69.96 103.03 78.82 123.92 123.33 136.82 94.22 
Mar-11 66.21 83.65 53.83 66.9 50.15 95.8 89.35 108.92 72.8 
Apr-11 50.21 65.74 39.57 49.99 30.97 68.15 67.73 68.08 55.47 
May-11 26.21 47 27.13 31.8 18.56 42.42 44.61 29.07 32.74 
Jun-11 18.58 34.54 20.47 21.41 19.55 18.59 21.42 19.54 25.16 
Jul-11 15.79 38.39 19.58 22.38 22.38 12.99 24.26 17.68 18.61 
Aug-11 16.82 30.28 17.78 20.69 17.79 15.86 15.86 17.79 23.55 
Sep-11 13.06 13.96 36.03 16.83 21.68 18.73 24.08 21.68 18.75 22.62 
Oct-11 18.47 19.4 34.04 18.45 23.08 21.19 23.98 29.62 28.54 24.02 
Nov-11 34.81 27.44 43.51 25.59 33.73 20.99 43.9 50.17 56.21 31.96 
Dec-11 65.45 54.17 75.46 34.29 60.69 42.29 76.65 81.37 116.56 53.45 
Jan-12 93 76.42 88.52 59.15 82.04 53.5 103.22 91.6 151.9 82.3 
Feb-12 84.43 81.13 94.8 56.68 79.99 70.56 104.01 93.55 138.18 82.3 
Mar-12 73.44 70.96 86.68 46.36 66.75 58.31 93.35 37.72 106.83 73.91 
Apr-12 32.1 23.2 36.66 26.97 25.49 29.67 40.76 77.13 25.5 31.93 
May-12 21.79 18.66 26.27 20.13 18.41 22.47 22.66 47.2 23.28 24.42 
Jun-12 16.56 12.8 31.1 17.24 15.77 16.63 13.52 13.96 17.35 23.4 
Jul-12 14.58 12.04 20.53 17.96 15.41 15.42 26.09 14.59 17.97 23.11 
Aug-12 15.47 12.89 25.87 18.06 16.35 17.68 12.04 14.29 13.07 24.14 
Sep-12 15.47 12.04 20.66 18.08 14.62 15.46 12.9 15.22 13.37 23.27 
Oct-12 21.09 15.33 25.25 17.82 19.48 16.98 17.76 14.27 13.66 21.95 
Nov-12 39.67 24.64 39.35 24.77 32.61 29.06 32.51 19.16 18.94 28.89 
Dec-12 55.91 40.72 56.19 34.29 50.84 20.59 46.71 24.52 26.68 43.74 
Jan-13 67.65 54.72 74.67 54.68 70.78 35.87 68.57 36.03 35.28 59.1 
Feb-13 73.59 63.75 83.99 54.55 69.11 42.43 71.48 24.3 38.37 61.22 
Mar-13 69.1 59.48 72.87 54.32 66.9 39.79 65 27.5 28.33 6.22 
Apr-13 48.81 42.39 53.86 44.94 51.47 27.49 53.18 24.45 21 46.2 
May-13 26.21 25.32 33.48 30.02 29.15 20.35 31.22 19.5 16.73 32.61 
Jun-13 16.84 15.83 24.56 20.67 18.74 17.84 20.62 16.49 14.02 27.42 






Table A2 Continued 
  NG111 NG112 NG113 NG114 NG115 NG116 NG117 NG118 NG119 NG120 
Sep-10 22.66 30.35 17.83 31.26 27.44 20.68 17.8 16.87 25.49 20.74 
Oct-10 25.91 33.19 16.67 30.41 27.67 18.42 16.64 17.58 47.45 20.41 
Nov-10 30.11 68.09 22.2 39.92 42.85 38.57 31.14 27.62 90.3 30.55 
Dec-10 55.17 134.52 64.2 30.41 87.95 18.42 78.28 69.54 168.09 69.02 
Jan-11 81.37 181.45 94.63 107.16 116.27 38.57 113.65 113.38 206.39 91.06 
Feb-11 89.37 192.65 108.66 109.64 123.25 78.85 130.34 131.99 199.41 109.53 
Mar-11 60.71 145.77 77.6 93.01 94.05 71.71 77.28 91.45 158.82 86.95 
Apr-11 47.98 105.97 54.27 62.54 67.11 126.31 54.08 63.73 120.59 61.02 
May-11 31.77 60.5 33.35 40.3 50.1 69.87 31.14 42.34 87.39 37.06 
Jun-11 27.04 33.61 18.6 28.92 32.67 60.53 16.72 24.23 51.42 21.4 
Jul-11 27.07 29.91 18.62 30.85 31.77 23.39 19.29 20.52 33.68 20.51 
Aug-11 26.42 29.31 15.86 27.41 26.44 20.47 19.49 18.74 29.37 19.71 
Sep-11 26.46 30.32 17.8 21.63 28.34 18.61 16.8 20.73 27.33 20.72 
Oct-11 27.68 35.98 18.46 26.68 28.52 18.76 18.42 21.23 53.08 20.33 
Nov-11 41.04 69.54 18.27 41.69 43.57 18.73 29.13 37.39 106.32 33.75 
Dec-11 42.07 115.86 57.52 88.43 80.55 38.7 68.58 59.91 156.92 64.16 
Jan-12 75.14 157.59 84.9 82.53 91.96 52.04 77.07 101 203.68 89.83 
Feb-12 72.04 155.63 82.75 100.21 100.94 56.13 91.43 101.09 181.48 85.1 
Mar-12 66.55 138.53 74.78 86.2 88.55 73.1 75.35 95.64 146.73 77.07 
Apr-12 29.07 55.46 24.13 29.23 42.07 53.25 16.73 40.01 62.25 19.18 
May-12 22.74 32.4 19.4 22.73 31.95 15.6 16.3 31.44 56.11 14.86 
Jun-12 21.14 21.88 15.77 20.53 26.68 14.36 15.12 27.71 29.82 15.77 
Jul-12 21.38 20.52 17.11 29.06 28.2 11.36 17.98 29.02 22.27 14.57 









   
  
  
16.36 25.86 20.71 12.04 
Sep-12 21.52 19.81 16.35 22.36 25.8 16.32 29.32 26.62 14.62 
Oct-12 21.13 27.77 16.16 21.13 29.34 15.32 29.34 49.67 14.51 
Nov-12 30.43 51.96 31.85 37.96 41.32 31.53 41.6 71.51 25.42 
Dec-12 36.87 78.46 29.17 44.54 48.69 40.38 52.67 98.53 47.51 
Jan-13 53.01 111 67.73 65.51 66.17 57.41 75.93 151.97 67.02 
Feb-13 56.7 118.37 72.14 68.81 78.59 63.28 79.5 136.69 72.23 
Mar-13 45.84 112.01 66.49 61.38 71.53 57.46 78 125.61 64.27 
Apr-13 38.12 80.53 55.54 49.5 57.81 40.57 56.4 105.02 52.5 
May-13 25.99 46.05 30.07 33.32 46.27 24.97 40.17 77.5 29.25 
Jun-13 23.55 32.25 18.74 21.72 31.38 23.63 29.34 38.2 17.77 






Table A2 Continued 
 NG121 NG122 NG123 NG124 NG125 NG126 NG127 NG128 NG129 NG130 
Sep-10 23.59 32.22 18.76 13.01 18.76 12.04 26.49 16.87 17.8 32.29 
Oct-10 23.97 29.51 28.35 12.04 17.5 14.72 33.17 22.12 23.05 40.58 
Nov-10 35.62 40.82 54.25 22.57 26.59 24.51 51.7 44.18 46.05 64.6 
Dec-10 67.19 74.41 97.52 53.74 61.49 50.2 110.05 92.8 92.8 114.5 
Jan-11 97.76 99.14 108.69 73.73 92.54 79.84 156.02 86.9 132.15 157.24 
Feb-11 103.88 100.78 121.48 73.12 94.11 61.82 157.47 91.73 136.85 160.43 
Mar-11 96.53 86.28 99.14 41.77 76.19 55.37 129.6 67.84 106.15 140.67 
Apr-11 54.61 58.1 90.95 46.9 45.57 50.67 100.57 47.25 81.15 107.56 
May-11 35.59 33.58 54.94 24.77 29.18 22.81 63.29 28.07 59.83 69.97 
Jun-11 26.1 29.85 21.41 12.97 21.31 13.9 34.55 25.15 29.85 42.96 
Jul-11 25.2 34.6 19.58 12.04 19.58 12.04 26.14 18.61 22.38 36.48 
Aug-11 22.59 32.2 15.87 12.04 17.03 12.04 24.53 17.78 18.74 33.14 
Sep-11 25.5 34.08 19.72 12.04 18.73 13.02 26.47 18.76 18.76 34.17 
Oct-11 27.66 33.09 32.21 16.6 18.44 12.04 35.03 19.4 25.82 48.83 
Nov-11 31.83 31.64 42.01 27.51 28.29 19.33 56.12 46.81 51.38 65.74 
Dec-11 54.5 74.67 109.84 30.88 54.99 45.01 100.29 49.07 85.28 95.91 
Jan-12 78.52 87.23 107.83 41.22 67.52 59.51 141.94 92.92 123.48 131.01 
Feb-12 77.19 95.65 146.53 42.56 74.75 55.31 134.54 86.74 109.85 124.41 
Mar-12 69.84 85.86 117.34 53.4 59.95 50.06 112.12 77.27 98.98 121.51 
Apr-12 34.74 40.76 36.88 32.42 16.73 16.68 50.19 31.36 60.95 59.06 
May-12 24.35 27.72 24.8 25.72 14.88 19.62 44.69 21.6 42.73 35.23 
Jun-12 18.09 18.21 15.07 20.27 14.35 12.79 26.39 15.06 24.87 41.56 
Jul-12 16.28 19.7 13.72 17.96 13.72 12.04 23.94 16.28 20.52 17.1 
Aug-12 18.95 18.96 12.89 16.33 13.79 12.04 25 15.48 19.81 25.86 
Sep-12 19.81 18.04 12.04 17.21 12.89 12.04 21.52 15.47 20.67 26.72 
Oct-12 19.5 21.13 26.81 18.61 15.34 16.97 36.79 25.23 31.82 33.56 
Nov-12 34.25 35.58 25.58 29.48 27.37 34.09 57.71 45.29 61.8 54.1 
Dec-12 46.57 46.38 66.19 43.04 40.53 51.78 86.63 53.51 87.98 74.33 
Jan-13 70.01 63.53 79.51 61.59 61.09 66.28 123.16 76.81 117.85 101.04 
Feb-13 74.25 70.81 95.58 63.73 65.98 69.95 123.6 88.04 124.43 104.57 
Mar-13 71.33 61.14 79.3 59.14 56.2 62.82 121.61 84.57 117.1 103.87 
Apr-13 51.85 50.17 52.57 49.81 41.1 53.88 96.37 69.54 93.3 81.44 
May-13 30.82 36.08 37.43 31.97 24.03 30.28 61.42 39.55 60.67 57.06 
Jun-13 21.65 22.67 17.77 21.62 16.87 17.77 34.12 26.37 36.93 38.89 







Table A2 Continued 
  NG131 NG132 NG133 NG134 
Sep-10 16.84 22.66 23.61 28.42 
Oct-10 19.39 21.25 22.28 32.97 
Nov-10 22.87 42.17 29.31 41.97 
Dec-10 50.17 85.6 49.43 72.01 
Jan-11 95.5 122.89 74.56 50.67 
Feb-11 68.34 136.11 85.39 102.32 
Mar-11 119.89 110.35 73.94 78.8 
Apr-11 61.13 85.3 41.82 51.6 
May-11 34.85 52.69 27.07 38.36 
Jun-11 24.24 29.85 24.22 35.48 
Jul-11 28.03 23.32 23.34 26.14 
Aug-11 38.21 21.64 22.58 24.52 
Sep-11 19.72 21.68 14.94 25.5 
Oct-11 22.12 27.67 31.33 36.87 
Nov-11 24.67 48.55 28.28 54.36 
Dec-11 73.61 82.33 39.81 58.74 
Jan-12 76.69 112.48 58.14 78.39 
Feb-12 78.9 109.69 57.38 73.92 
Mar-12 65.59 92.5 48.89 65 
Apr-12 28.63 44.89 23.94 21.6 
May-12 25.54 32.77 21.53 33.46 
Jun-12 14.33 21.88 17.24 19.5 
Jul-12 12.88 19.68 17.96 22.22 
Aug-12 13.77 20.68 16.33 20.69 
Sep-12 12.89 19.81 16.35 22.4 
Oct-12 15.33 25.24 17 26.1 
Nov-12 50.8 46.98 32.65 35.92 
Dec-12 51.99 73.79 45.64 52.15 
Jan-13 66.49 103.37 69.26 71.44 






102.33 67.95 69.11 
Apr-13 79.77 55.54 52.5 
May-13 51.79 31.03 36.58 
Jun-13 33.11 21.62 27.39 







Table A2 Continued 
  NG201 NG202 NG203 NG204 NG205 NG206 NG207 NG208 NG209 NG210 
Sep-10 97.58 91.13 109.63 64.02 94.78 58.43 54.45 62.46 93.25 56.79 
Oct-10 108.14 126.63 144.73 84.06 136.17 80.21 71.04 95.29 114.38 75.29 
Nov-10 113.6 116.74 145.14 83.76 154.12 95.79 74.25 100.16 113.38 89.25 
Dec-10 109.42 127.31 99.89 70.23 109.74 76.73 57 79.18 89.7 65.71 
Jan-11 79.13 85.5 87.94 52.48 80.36 58.55 47.44 59.81 69.25 36.52 
Feb-11 49.96 48.17 62.65 34.44 51.06 38.23 32.59 44.3 42.48 37.51 
Mar-11 35.49 35.48 35.49 18.6 33.62 21.41 30.78 35.49 37.37 14.84 
Apr-11 29.91 34.6 28.03 14.85 31.77 17.68 30.85 34.61 22.38 12.99 
May-11 26.43 31.23 24.55 13.96 30.25 16.82 31.24 32.17 22.61 13.01 
Jun-11 29.31 33.13 30.25 14.94 31.3 16.83 29.31 36.12 24.49 13.02 
Jul-11 32.22 37.71 30.34 17.54 31.35 21.23 34.01 36.89 36.68 14.79 
Aug-11 50.93 48.1 53.47 32.04 48.12 27.41 28.07 33.45 62.31 26.57 
Sep-11 85.84 85.62 115.81 52.42 82.35 42.8 64.55 51.2 80.38 44.01 
Oct-11 106.24 116.25 121.61 72.24 113.98 62.62 72.68 71.79 99.82 63.76 
Nov-11 107.64 113.23 136.89 71.16 120.6 60.07 80.79 73.39 94.01 66.21 
Dec-11 96.64 102.04 124.96 64.47 120.6 56.39 56.93 64.53 75.27 58.17 
Jan-12 46.63 40.43 47.42 22.89 36.91 28.92 31.13 39.13 41.63 19.98 
Feb-12 40.49 26.99 35.35 26.33 27.08 26.23 26.99 29.23 33.29 18.83 
Mar-12 25.72 19.66 31.33 30.05 21.76 17.24 21.26 24 19.77 13.52 
Apr-12 22.24 14.57 27.36 14.61 17.11 17.96 24.83 21.38 18.85 12.04 
May-12 25.02 14.63 23.31 14.62 16.33 17.21 19.84 20.67 21.57 12.89 
Jun-12 24.1 17.19 21.47 15.32 17.21 18.07 19.78 22.4 20.62 12.9 
Jul-12 33.5 14.5 24.41 15.32 18.67 23.58 21.13 21.97 30.91 15.32 
Aug-12 55.83 16.85 44.57 27.83 38.95 31.88 27.31 30.39 46.01 24.65 
Sep-12 78.18 12.86 60.59 19.75 67.22 42.11 30.74 41.92 58.61 38.89 
Oct-12 93.11 16.2 66.47 36.66 76.13 60.83 35.69 61.48 84.92 60.14 








   
85.83 65.27 51.35 65.91 77.69 60.76 
Dec-12 159.66 15.33 67.2 77.49 58.42 46.51 61.37 71.85 56.92 
Jan-13 65.85 16.23 62.58 65.62 49.84 31.89 52.17 56.95 44.22 
Feb-13 32.5 18.54 45.36 40.64 32.92 27.78 31.79 43.63 26.42 
Mar-13 26.15 15.86 32.34 19.73 21.64 20.73 24.5 31.4 15.83 
Apr-13 24.07 13.98 20.78 15.93 18.89 21.81 21.85 17.82 13.02 
May-13 26.15 15.78 29.92 17.68 17.68 23.32 21.47 12.04 12.97 
Jun-13 24.07 14.79 23.14 17.62 18.57 24.07 29.72 20.38 12.04 







Table A2 Continued 
  NG211 NG212 NG213 NG214 NG215 NG216 NG217 NG218 NG219 NG220 
Sep-10 91.16 79.79 99.19 99.19 135.48 84.77 73.55 49.26 67.19 60.74 
Oct-10 120.66 116.32 149.51 146.31 171.73 108.88 112.5 68.51 82.4 77.12 
Nov-10 120.86 141.66 133.02 153.79 203.25 92.64 123.23 66.62 78.12 82.8 
Dec-10 104.58 98.38 123.34 124.44 166.58 105.49 85.67 47.4 60.57 63.55 
Jan-11 82.94 68.15 85.09 94.19 113.02 61.84 64.23 42.74 47.87 50.19 
Feb-11 61.07 34.63 51.81 52.75 79.33 43.39 38.58 26.29 32.73 30.95 
Mar-11 36.43 13.9 27.96 25.16 42.03 34.54 29.85 14.85 27.97 22.35 
Apr-11 29.91 12.04 28.03 20.52 33.67 43.67 31.77 12.04 26.14 17.68 
May-11 26.44 12.04 27.38 18.74 31.2 16.83 22.6 12.04 24.52 17.78 
Jun-11 26.41 12.04 19.72 18.76 33.22 28.34 30.25 12.04 25.5 16.83 
Jul-11 21.21 14.78 44.14 27.67 43.3 42.23 29.42 12.04 27.69 19.4 
Aug-11 47.25 39.36 57.71 52.85 80.65 49.15 42.71 12.04 34.68 30.27 
Sep-11 71.37 71.54 97.71 85.66 132.83 97.58 74.76 38.16 55.02 49.1 
Oct-11 79.01 98.08 121.15 123.32 179.83 98.56 97.27 63.23 77.79 65.41 
Nov-11 83.49 111.61 120.27 117.92 168.39 102.92 102.66 56.04 65.41 69.88 
Dec-11 76.49 96.54 105.64 102.09 155.69 84.85 91.06 50.13 65 58.96 
Jan-12 34.17 80.15 42.03 49.54 65.57 44.95 33.19 22.41 36.6 28.26 
Feb-12 28.15 58.06 34.48 35.27 49.92 39.84 28.19 19.58 28.09 23.89 
Mar-12 19.73 13.52 26.47 2.27 29.21 20.53 17.41 12.8 26.39 18.09 
Apr-12 18.85 12.89 21.39 19.69 20.51 19.7 24.82 12.04 23.94 16.28 
May-12 18.09 12.04 22.41 18.95 18.95 19.84 12.91 12.04 21.54 15.48 
Jun-12 18.04 12.04 21.5 20.69 19.81 18.92 17.19 12.04 20.67 13.78 
Jul-12 26.89 12.04 29.34 25.23 25.28 28.46 20.31 15.31 21.95 18.63 
Aug-12 51.44 22.27 50.78 40.62 48.37 50.02 38.83 25.41 30.42 27.07 
Sep-12 63.97 40.63 72.77 56.13 79.62 63.08 48.15 37.4 35.12 37.23 
Oct-12 90.55 56.33 92.34 81.36 109.71 92.09 69.03 52.44 49.15 53.91 
Nov-12 87.42 67.68 93.86 90.35 117.8 86.64 79.89 49.25 49.05 56.09 
Dec-12 80.33 59.83 88.49 84.63 92.91 79.61 62.59 54.3 46.68 52.78 
Jan-13 66.6 50.31 65.14 64.48 80.81 69.56 41.4 41.57 35.75 40.94 
Feb-13 51.76 27.41 41.02 41.47 51.07 52.71 39.72 24.41 31.69 25.28 
Mar-13 24.62 16.79 30.26 21.63 29.27 27.52 19.79 12.04 26.44 15.86 
Apr-13 17.85 12.04 22.76 19.91 20.86 17.85 16.86 15.92 18.86 14.95 
May-13 20.51 12.04 23.32 19.59 17.68 28.04 24.27 12.04 17.68 14.84 
Jun-13 20.39 12.04 22.22 16.68 17.62 21.31 18.52 12.04 18.56 13.88 








  NG221 NG222 NG223 NG224 NG225 NG226 NG227 NG228 NG229 
Sep-10 91.15 66.58 104.87 107.97 46.6 110.57 69.57 82.33 87.11 
Oct-10 123.33 98.65 143.02 142.92 63.13 157.52 87.77 111.5 113.77 
Nov-10 125.58 117.74 139.46 137.7 69.89 162.16 92.67 115.84 104.56 
Dec-10 93.08 84.91 106.49 105.17 116.12 129.77 73.23 92.85 101.92 
Jan-11 80.23 63.29 79.63 87.15 44.49 102.24 61.51 61.42 82.17 
Feb-11 51.77 33.58 47.81 59.44 46.38 56.69 41.4 38.87 59.29 
Mar-11 27.97 28.91 26.09 33.6 22.34 27.03 28.9 22.34 28.92 
Apr-11 23.32 26.14 24.28 27.08 16.73 18.62 27.08 17.68 19.58 
May-11 18.74 23.54 22.59 23.56 16.82 17.79 26.44 16.83 16.82 
Jun-11 22.62 27.42 21.68 25.45 15.85 17.8 27.36 17.79 21.64 
Jul-11 35.04 20.33 22.15 43.13 16.61 24.9 29.41 18.44 34.05 
Aug-11 50.14 28.16 42.06 56.79 23.79 52.86 40.86 41.82 57.84 
Sep-11 76.18 56.12 77.2 105.02 31.29 95.18 68.03 81.23 88.86 
Oct-11 100.92 86.05 113.25 119.47 33.54 131.1 79.04 54.54 103.47 
Nov-11 36.49 89.85 109.65 107.31 46.74 129.74 81.81 40.28 102.26 
Dec-11 81.98 80.85 86.02 52.3 36.81 115.52 65.72 53.55 93.06 
Jan-12 43.01 34.68 35.36 43.35 14.39 50.09 32.51 19.1 49.95 
Feb-12 37.46 30.41 35.01 25.87 34.96 38.37 28.91 18.66 38.65 
Mar-12 23.25 24 25.65 24.83 17.35 20.27 15.87 17.41 22.71 
Apr-12 16.28 23.09 19.68 22.41 17.12 17.96 12.04 16.29 17.12 
May-12 15.47 21.54 9.88 24.1 16.36 17.21 12.91 16.36 18.08 
Jun-12 18.08 24.16 18.07 35.12 17.19 18.95 12.04 17.19 16.34 
Jul-12 31.01 24.45 20.32 62.22 26.81 20.32 18.64 18.64 28.46 
Aug-12 50.37 33.58 37.47 80.14 20.9 33.46 35.88 30.72 41.67 
Sep-12 69.57 46.27 60.39 110.76 26.59 51.53 52.81 43.86 60.42 
Oct-12 93.69 78.28 80.53 121.22 49.46 79.9 60.35 57.99 75.61 
Nov-12 98.81 60.54 91.73 106.16 60.57 86.59 74.33 63.59 83.39 
Dec-12 92.74 66.54 83.82 82.03 52.38 80.45 65.72 58.27 72.05 
Jan-13 69.98 57.28 68.29 59.48 37.25 68.55 48.96 45.44 59.3 
Feb-13 39.69 34.64 41.32 29.44 41.11 39.63 28.64 28.66 44.85 
Mar-13 31.16 30.25 22.59 25.69 27.38 23.52 13.97 2.74 29.28 
Apr-13 19.89 18.89 18.86 27.11 18.83 18.89 13.01 14.92 18.83 
May-13 25.23 21.47 17.68 24.07 19.59 18.61 12.04 20.51 20.52 
Jun-13 20.44 21.36 18.56 28.94 16.64 18.57 12.04 17.58 18.53 








  NG301 NG302 NG303 NG304 NG305 NG306 NG307 NG308 NG309 NG310 
Sep-10 56.09 40.6   45.09 45.34 51.22 60.43 34.72 61.54 48.95 
Oct-10 35.48 23.27   26.1 29.85 27.03 29.85 25.13 24.23 32.66 
Nov-10 31.77 21.45   24.28 32.74 24.28 22.38 27.08 18.61 29.91 
Dec-10 29.3 18.76 16.82 21.64 26.44 20.69 19.74 27.41 18.75 27.4 
Jan-11 28.41 21.63 19.72 23.58 26.41 0 21.63 30.25 17.79 28.35 
Feb-11 34.13 23.94 22.12 23.99 24.84 27.55 37.65 24.84 41.31 28.54 
Mar-11 44.48 37.25 30.17 46.68 23.6 50.95 62.39 26.3 68.45 56.83 
Apr-11 70.47 65.14 49.83 76.35 76.38 89.99 99.62 62.95 122.03 107.73 
May-11 95.19 71.72 52.48 115.84 85.04 99.33 112.47 69.38 130.07 133 
Jun-11 96.31 75.5 63.13 110.77 95.94 112.1 125.49 76.76 128.16 135.13 
Jul-11 88.71 65.51 56.78 99.54 74.05 101.74 106.67 65.13 117.32 114.42 
Aug-11 49.64 38.83 25.82 38.74 29.87 47.45 46.98 29.77 60.19 45.37 
Sep-11 34.76 29.6 18.69 31.22 27.24 37.18 42.11 26.41 49.19 38.11 
Oct-11 31.45 20.53 17.35 21.14 26.63 22.82 21.29 22.04 35.12 29.55 
Nov-11 39.02 19.7 15.42 20.52 28.2 24.83 19.7 26.5 18.85 28.2 
Dec-11 28.44 18.96 18.96 20.68 28.49 22.41 20.69 19.84 19.84 23.3 
Jan-12 33.66 15.46 15.46 24.15 24.1 24.95 21.48 18.93 12.89 19.78 
Feb-12 26.12 21.93 17.79 24.42 24.44 36.74 29.29 21.13 29.29 28.52 
Mar-12 46.42 33.98 20.9 43.06 37.99 50.85 39.64 36.86 55 47.36 
Apr-12 51.74 43.83 26.57 61.07 52.65 60.89 50.57 49.94 71.43 71.13 
May-12 78.9 60.48 39.21 85.81 68.49 93.11 69.41 73.98 94.78 96.95 
Jun-12 74.89 57.24 47.42 87.92 102.14 97.66 74.93 82.5 103.86 110.58 
Jul-12 71.76 50.93 38.17 88.36 76 86.31 65.65 71.65 91.39 92.53 
Aug-12 65.57 43.05 36.47 69.12 57.04 69.09 49.55 53.05 70.18 69.72 
Sep-12 43.88 37.02 20.4 42.2 38.89 49.03 35.17 37.01 50.85 41.93 
Oct-12 26.44 18.81 36.91 28.38 21.71 25.57 21.72 22.66 20.73 26.48 
Nov-12 22.8 15.88 35.86 24.73 19.83 22.76 16.86 20.81 14 20.81 
Dec-12 24.28 16.73 19.6 22.4 24.27 27.11 24.27 19.6 13.92 20.52 
Jan-13 23.2 15.71 21.31 25.04 19.48 24.07 21.31 18.53 13.88 21.31 
Feb-13 21.87 17.38 21.81 22.73 19.2 27.19 20.09 18.28 16.48 34.24 
Mar-13 41.32 35.73 27.46 43.02 42.7 51.93 41.92 41.85 56.89 56.36 
Apr-13 64.61 55.04 34.81 70.41 74 74.94 70.14 60.5 87.41 79.84 
May-13 74.88 68.37 50.27 86.48 122.47 109.41 81.73 112.47 121.74 123.05 








  NG311 NG312 NG313 NG314 NG315 NG316 
Sep-10 43.11 31.65 53.98 61.02 36.6 63.45 
Oct-10 125.77 12.04 34.56 31.72 27.02 37.34 
Nov-10 49.69 12.04 28.97 21.44 28.97 38.39 
Dec-10 16.82 12.04 29.33 21.63 24.55 35.08 
Jan-11 30.25 12.04 29.31 22.62 25.45 36.02 
Feb-11 42.3 19.37 31.24 33.18 26.68 35.82 
Mar-11 56.01 27.07 54.08 59.38 29.95 60.73 
Apr-11 75.73 12.04 89.12 96.65 66.58 122.99 
May-11 98.48 12.04 97.96 135.14 67.82 136.56 
Jun-11 116.81 12.04 100.88 122.81 76.03 146.41 
Jul-11 95.4 12.04 87.7 120.13 62.02 120.47 
Aug-11 157.84 12.04 33.84 60.27 34.64 45.95 
Sep-11 47.63 12.04 35.82 40.46 28.29 44.71 
Oct-11 49.58 12.04 25.13 22.51 23.62 28.18 
Nov-11 27.76 12.04 26.51 21.38 25.66 35.04 
Dec-11 17.22 12.04 20.69 20.67 19.84 27.63 
Jan-12 23.24 12.04 18.92 21.52 20.63 23.22 
Feb-12 26.07 15.31 23.61 30.21 19.46 31.04 
Mar-12 53.74 25.39 43.73 47.71 23.41 65.13 
Apr-12 64.29 32.87 55.22 67.036 35.02 88.44 
May-12 92.44 57.88 63.97 96.62 47.79 113.77 
Jun-12 119.08 63.83 77.2 95.64 47.18 118.11 
Jul-12 104.21 54.7 70.74 84.12 44.75 93.57 
Aug-12 71.86 48.16 56.13 78.74 41.66 84.43 
Sep-12 54.1 24.5 34.27 49.08 32.41 61.2 
Oct-12 18.78 12.98 25.57 30.24 20.74 30.4 
Nov-12 26.62 12.04 19.82 21.85 17.85 22.7 
Dec-12 32.76 12.04 21.47 19.6 23.33 31.79 
Jan-13 26.84 12.96 21.32 22.27 21.31 28.7 
Feb-13 38.63 13.81 22.7 23.64 18.28 25.4 
Mar-13 52.07 21.43 42.74 52.88 54.73 71.62 
Apr-13 74.9 50.65 70.84 81.19 40.79 99.77 
May-13 116.9 21.5 86.41 96.18 70.77 118.59 
Jun-13 108.21 No service 81.52 103.35 78.36 129.95 
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